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PREFACE

Much of the information and material in this edition of the Underground
Injection Control lInspection Manual was originally assembled by Ken E. Davis
Associates of Houston, Texas (July 1984), under the ftitle UIC Inspection
Gulde. The guide was prepared in support of the U.S. Environmental Protection
Agency's Underground Injection Control (UIC) Program, required to satisfy the
mandate of the 1974 Safe Drinking Water Act.

The original guide was developed to meet two goals: (1) train prospective
field Inspectors and their UIC program supervisors In the many Intricacies of
injection well Inspection and reporting; and (2) provide a useful reference
for actual field Inspections of underground injection facilities.

A revised edition of the Guide was prepared by the engineering staff of
Engineering Enterprises, Inc. (EEIl) In February 1985. This resulted In
reorganization of the materlal, some rewriting, correction of errors, and
reduction In volume. The work was accomplished under terms of a general
contract between EEl and EPA. I+ was recognized by both EEl and EPA that, as
exper lence was galined by the UIC programs across the country, the need for
further revislions would likely develop.

In order to bring the scope and material of the Guide more in line with
current needs as revealed by experience and Improved technology, the EPA
Underground Injectlon Control Branch (UICB) in May of 1986 Initiated Work
Assignment 0-7 Task 1 under EPA Contract No. 68-01-7011 with Englineering

Enterprises. This Underground lnjection Control lnspection Manual Is the

result of that action.

This manual has been notably strengthened by the Inclusion of new material on
qual Ity assurance and control, classiflication of injectlon wells, definitlons
for exempted aqulfers, Improved guidance on legal matters related to
inspectlions, possible appropriate responses to violations, and chain of
custody for samples, among others. Readers will appreciate the Incluslon of
an Index of more than 300 entries,

Englneering Enterprises, Inc. Is grateful for the opportunity to participate
In the preparation of thls essential document. We especlally appreciate the
support and understanding of Mr. A. Roger Anzzolin, EPA Project Manager; and
the professlonal dedication and attitude demonstrated by Ms. Nancy Zeller and
by Mr. Donald M. Olson, Chief of the Compllance and Enforcement Section of
UicB, In our mutual efforts to make this undertaking a success.

vil






1 Introduction

THE SAFE DRINKING WATER ACT

The 1974 Safe Drinking Water Act (SDWA), with amendments, established a
Joint Federal-State system for protecting the nation's underground sources of
drinking water (USDW). [+ specifically Instructed the United States
Environmental Protection Agency (USEPA) to establish a program that would
protect the natlion's potentially usable fresh water aquifers from
contamination by underground injection well operations. At the present tfime
such an aquifer or its part Is defined by EPA as that "which supplies any
publ ic water system or which contains a sufficient quantity to supply a public
water system; and which currently supplies drinking water for human
consumption, or contains fewer than 10,000 mg/| total dissolved solids (TDS),
and which is not an exempted aquifer" (40 CFR § 146.3). These are referred to
as USDW's,

UNDERGROUND INJECT ION CONTROL

EPA has required all States to have an Underground Injection Control (UIC)
program. Each State has the option of Implementing its own program. If a
State does not assume primary enforcement responsibility, EPA must administer
an UIC program In that State. Currently, EPA administers full or partial
programs in 24 States and territories and on Indian Lands.

An essentlal part of the UIC program is the fleld Inspection of underground
Injection operations to monitor compiiance with provisions of the SDWA, fthe
UIC regulations, and with conditlions set forth in UIC permits.

1:1 Purpose of the Inspection Gulde

This UIC Inspection Gulde was developed specifically for Inspection
personnel.

Every effort was made to Include information useful to the inspector in
carrylng out his duties In the field. A consclous effort was also made
to exclude materlal that does not enhance his ability to perform as
required.

This Guide Is Intended to help the Inspector complete inspections
etflciently and prepare comprehensive, well organlzed reports. HNew
personne!l may wlish to reinforce thelr knowledge by readling certaln other
publications. The Inexperienced Inspector should read and keep at hand
the following references:
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40 CFR Parts 124, 144, 146 and 147

An __Infroduction 1o the Technology of Subsurface Wastewater
Injection, (EPA~600/2-770240), December 1977

n nstr P h Prepared for
the USEPA Office of Drinking Water under Contract No. 68-01-5971,
October 1982

Major Policy Statements and Guidance Documents from the Office of
Water and the UIC Branch

Other references are cited at the end of each chapter
INJECTION WELL CLASSIFICATION SCHEME

The Inspector should be familiar with the UIC well classification scheme and
the basis for categorizing each weil into its appropriate class. He should
understand the basic structural and functional differences between Injection
well types, Figure 1.1 Illustrates the five major well classes, with one or
two possible configurations for each class.

Regulations developed under the Safe Drinking Water Act classify injection
wel s Into the following five major groups:

Class 1I: Industrial and municipal wells that inject below USDW's
(Includes hazardous waste wells)

Class I1: 0il and gas wells
Class I11: Solution mining wells
Class IV: Wells that are used to Inject hazardous or radioactive

wastes into or above USDW's (these wells are banned)
Class V: Wells not included in any of the above classifications
1:2 Sub-classifications (1?
1:3 Class |
1. Wells used by generators of hazardous waste or owners/operators of
hazardous waste management facilities to inject hazardous waste

beneath the lowermost formation containing, within one quarter mile
of the well bore, an underground source of drinking water

(1) From 40 CFR § 146.5 - Classification of injection wells
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2. Other industrial and municipal disposal wells which inject fluids
beneath the |owermost formation containing, within one quarter mile
of the well bore, an underground source of drinking water

1:4 Class 11
Wells which inject fluids:

1. Which are brought to the surface in connection with conventional oil
or natural gas production and may be commingled with waste waters
from gas plants which are an integral part of production operations,
unless those waters are classified as a hazardous waste at the time
of injection

2. For enhanced recovery of oil or natural gas

3. For storage of hydrocarbons which are |iquid at standard temperature
and pressure

1:5 Class [I]
Wells which Inject for extraction of minerals, Including:
1. Mining of sulfur by the Frasch process
2. In-situ production of uranium or other metals

This category Includes only in-situ production from ore bodies which have
not been conventionally mined. Solution mining of conventional mines
such as stopes leaching is included In Class V.

3. Solution mining of salts or potash
1:6 Class [V

1. Wells used by generators of hazardous or of radioactive waste, by
owners or operators of hazardous waste management facll|ities, or by
owners or operators of radioactive waste disposal sites to dlspose
of hazardous or radioactive waste Into a formation which within one
quarter mile of the wel!l contains an underground source of drinking
water

2. Wells used by generators of hazardous or of radloactive waste, by
owners or operators of hazardous waste management facilities, or by
owners or operators of radiocactive waste dlsposal sites to dlspose
ot hazardous or radicactive waste above a formation which within one
quarter mlle of the we!l contalns an underground source of drinking
water
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3. Wells used by generators of hazardous waste or owners or operators
of hazardous waste management facilities, fo dispose of hazardous
wastes which cannot be classified under Section 146.05(a)(1) or
Section 146.05(d)(1) and (2), e.g., wells used to dispose of
hazardous wastes into or above a formation which contains an aquifer
which has been exempted pursuant to UIC Regulations (Section 146.04)

1:7 Class ¥

Injection wells not included In Class I, 1I, Ill, or 1V, Class V wells

Include:

1. Air conditioning return flow wells used to return to the supply
aqui fer the water used for heating or cooling in a heat pump

2. Cesspools, including multiple dwelling, community or reglional
cesspools, or other devices that receive wastes, which have an open
bottom and sometimes have perforated sides (the UIC requirements do
not apply to single family residential cesspools which receive
solely sanitary wastes and have the capacity to serve fewer than 20
persons a day)

3. Cool ing water return fiow wells used to Inject water previously used
for cooling

4, Drainage wells used to drain surface fluid, primarily storm runoff,
into a subsurface formation

5. Dry wells used for the injection of wastes into a subsurface
formation

6. Recharge wells used to replenish the water in an aquifer

7. Salt water intrusion barrier wells used to inject water into a fresh
water aquifer to prevent the Intrusion of salt water Into the fresh
water

8. Sand backflll and other backfill wells used to Inject a mixture of
water and sand, mill tallings or other solids into mined out
portions of subsurface mines whether what Is injected is a radioac-
tive waste or not

9. Septic system wells used to inject the waste or effluent from a

multiple dwelling, business establishment, community or regional
business establishment septic tank (the UIC requirements do not
apply to single family residential septic system wells, nor to non-
residential septic system wells which are used solely for the
disposal of sanitary waste and have the capacity to serve fewer than
20 persons a day)
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10.

11.

12.

13.

14,

15.

16.

Subsidence control wells (not used for the purpose of oil or natural
gas production) used to inject fluids into a non-oil or gas
producing zone to reduce or eliminate subsldence associated with the
overdraft of fresh water

Radioactive waste disposal wells other than Class [V

Injection wells associated with the recovery of geothermal energy
for heating, aquaculture and production of electric power

Wells used for solutlion mining of conventional mines such as stopes
leaching

Wells used to inject spent brine into the same formation from which
it was withdrawn after extraction of halogens or thelr salts

Injection wells used iIn experimental technologies

Injection wells used for In situ recovery of |ignite, coal, ftar
sands, and oll| shale






2 Review of Inspection Requirements

OVERVIEW OF SDWA AND AMENDMENTS

Sectlon 1445 (B) (1) of the Safe Drinking Water Act gives the
Administrator or his designated representative the authority to enter upon and
to Inspect any facllity subject to Underground Injection Control (UIC) Program
requirements., Additionally, 40 CFR § 144.51 (1) states that the permittee
shall allow the Director, or an authorized representative, upon the
presentation of credentials and other documents as required by law, to:

1. Enter upon the permittee's premises where a regulated facility or
activity is located or conducted, or where records must be kept under the
conditions of the permi+t

2. Have access to and copy, at reasonable times, any records that must be
kept under the conditions of this permit

3. Inspect at reasonable times any facllities, equipment (including
monitoring and control equipment), practices, or operations regulated or
required under this permit

4, Sample or monitor at reasonable times, for the purpose of assuring permit
compliance or as otherwise authorized by the SDWA, any substances or
parameters at any location

These provisions apply to operators of wells authorized by elther permit or
rule.

2:1 The Safe Drinking Water Act, lts Regulatlons and Authority for
Inspections

2:2 Enforcement Program

The Safe Drinking Water Act requires that injectlion well owner/operators
who violate the provisions of the UIC regulations be subject to either
clvil or criminal penaltles In the case of wlilful violation of the UIC
regulations. The Agency also has the authority to require the facility
to take any actions necessary to achieve compliance. This section
presents a brief review of the enforcement programs establlshed to deal
with violations and the penalties that may be assessed under various
circumstances.
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2:4

2:5

Enforcement Procedures

EPA has the authority to issue an Administrative Order for compliance or
penalties or both or Initiate a civll or criminal action for
owners/operators of Injection wells failing to meet statutory or
regulatory requirements. Enforcement actions may be taken in several
types of situations:

1. Failure to apply for permit (where required)

2, Failure to comply with permit or rule-authorized requirements (UIC
Regulations)

3. Failure to take all reasonable steps to protect underground sources
of drinking water from any adverse Impact resulting from
noncomp | fance

See the UIC regulations for more detailed information on criteria and
standards applicable to Class |, 11 and Il wells (40 CFR Part 146,
Subparts B, C, and D).

EPA has a variety of mechanisms for identifying noncompliance. First, to
Identify wells requiring permits, EPA can utillze well Iinventories and
related well records. Second, Iinspections of sites by EPA officials
during construction and after operation begins can provide information on
such noncompliance, Third, material provided to EPA in permit
applications, monitoring reports, and operating records can reveal cases
of noncompllance. Finally, EPA may rely on information provided by
Interested citizens or by a non-complliance report itself.

Penalties for Noncompliance
Civil Penalties for Noncompliance (Safe Drinking Water Act S 1423(b))

"Any person who violates any requirement of an applicable underground
injection control program (UIC regulation) or an order requiring
compllance under subsection (c) shall be subject to a civil penalty of
not more than $25,000 for each day of such violation, and if such
violation is willful, such person may, in addition to or in lieu of the
civil penalty (authorized above), be Imprisoned for not more than 3 years
or fined in accordance with Title 18 of the United States Code, or both."

Administrative Penalties for Noncompllance (Safe Drinking Water Act
§ 1423(c))

"In any case in which the Administrator is authorized to bring a civil
action under this section with respect to any regulation or other
requirement of this part other than those relating o the underground
injection of brine or other fluids which are brought to the surface in
connectlion with oll or natural gas production, or any underground
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injection for the secondary or tertiary recovery of oil or natural gas,

the Administrator may also Issue an order under this subsection either
assessing a civil penalty of not more than $10,000 for each day of
violatlion for any past or current violation, up fto a maximum
administrative penal of $125, OOO or requiring compliance with such
ranulatinon or nthar ranniremandt hat n
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authority of the Safe Drinking Water Act are directed toward protecting
underground sources of drinking water (USDW). Underground source of

drinking water (USDW) means an aquifer or Its portion:
1. Which supplles any public water system

2. Which contains a quantity of groundwater sufflcient to supply a
publ ic water system
a. currentiy suppiies drinking water for human consumption

D. contains fewer than 10,000 mg/i totai dissoived soiids

c. which is not an exempted aquifer

Under the UIC program, It is not necessary to identify specific aquifers
as USDW's. The Agency has ruled that any aquifer or portion thereof that
fits the definition iIs, in fact, a USDW (40 CFR Part 144).

2:8 Exempted Aquifer

An aquifer or portion of an aquifer which meets the criteria for an USDW
In § 146.3 may be designated an exempted aquifer If It meets the
foliowing criteria:

T. it does not currentiy serve as a source of drinking water for human
consumptlon

2. It cannot now and will not in the future serve as a source of
drinking water because:
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a. It is mineral, hydrocarbon or geothermal energy bearing with
production capability, or can be demonstrated by a permit applicant
as part of a permit application for a Class || or [Il operation to

contain minerals or hydrocarbons that considering their quantity and
location are expected to be commercial ly producible

b. it Is situated at a depth or location which makes recovery of watfer
for drinking water purposes economically or technologically
impractical

C. I+ Is so contaminated that it would be economically or

technologically impractical to render that water fit for human
consumption, or

d. It is located above a Class [I]l well mining area subject to
subsidence or catastrophic collapse

The total dissolved solids content of the groundwater is more than 3,000
and less than 10,000 mg/! and it is not reasonably expected to supply a
public water system (40 CFR §146.4).

2:9 Area of Review

Flulds Iinjected under pressure Into a geologic formation could, under
certain conditions, force formation fluids and possibly contaminants to
move upward into underground sources of drinking water via features such
as Improperly abandoned wells and undetected fault/fracture systems that
penetrate the injection zone.

The area of review Is the area surrounding an Injection well or a group
of Injection wells to be studied by permit applicants for the possible
presence of pathways through confining strata and along which formation
or injected fluids, under pressure from the injection operation, might be
forced Iinto a USDW (40 CFR § 146.6). An area of review for Injection
wells should be determined on a case-by-case basis, using appropriate
formulas and available geological information. The area of review should
have a radlus of no less than 1/4 mile uniess the use of a mathematical
mode! for the facility in question results in a radius of less than 1/4
mile. Many states have more stringent requirements. That Is, the minimum
allowable radius is greater than 1/4 mile. See figures 2.1, 2.2, 2.3,
2.4 and 2.5.
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2.10 Corrective Action

EPA may require that corrective action be taken as necessary to prevent
movement of fluid into an USDW when any well, that penetrates the
Injection zone, within the area of review of an Injection operation Is
inadequately constructed, plugged, or abandoned. The EPA may require
under the authority granted in 40 CFR §144.12, that an improperly
completed well in the area of review be plugged or repaired even if the
associated injection well is authorized by rule. In general, the
regulatory staff will review data submitted by the applicant, evaluate
the proposed correctlve action plan, and If the plan is approvable,
Incorporate it as a permlt provision.

Requirements under 40 CFR §146.7 state that the Director consider the
following technical Information In the permit appllication to determine
the adequacy of the corrective actlion plan and fo determine what
additlonal steps are needed to prevent fluld movement Into a USDW.

1. Nature and volume of Injected fluid

2. Nature of native flulds or byproducts of Injection

3. Potentially affected population

4, Geology

5. Hydrology

6. History of the injectlon operation

7. Completion and pluggling records. Abandonment procedures In effect at
the time the wel | was abandoned

9. Hydraullc connections wlth underground sources of drinking water
The appl lcant submits a corrective action plan for any wells wlthin the
area of review which may potentially endanger an USDW because of the
proposed injectlon.

Correctlive actlon plans may require:

1. Physical alteration and correctlon of any Inadequate well sy stem
within the area of review prior to beginning Injectlon operations,
or

2. The operation of the Injection faclility at reduced pressure levels

until such time as EPA determlines that physical alteration and
correctlion of an Inadequate well system Is accompl ished, or

2-15
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3. Reduced pressure operation of the facility for the life of the
project

Qual ity Assurance

The General Grants Regulations require under 40 CFR §130.503(e) that all
data used in any programs receiving assistance from EPA to have adequate
qual Ity assurance (QA). Internal EPA directives require the same of all
EPA-Impiemented programs.

Data gathered during inspections and received In the form of self-
monitoring report therefore need to meet QA requirements. These QA
requirements have been put In place fo guaranfee that data are adequate
for the purpose intended and of known quality. The Office of Drinking
Water will issue guidances on how to apply QA principles fto all
"environmental measurements" used In the UIC program. These guidances
will be issued In phases: (1) Chemical tests; (2) Physical tests; and
(3) Geophyslical tests. The chemical test guidance on Quality Assurance
has been issued and the remaining guidances are forthcoming.

Barlow's Guldance, an Overview of Other Federal Regulations

The Supreme Court decision in Marshal vs. Barlow's Inc., U.S., 98 S. Ct.
1816 (1978) was an Important case affecting the conduct of EPA
Inspectlons. The decision bears upon the need under certain
circumstances to obtalin warrants or other processes for inspections
pursuant to EPA-administered Acts.

In Barlow's, the Supreme Court held that an OSHA inspector was not
entitled to enter the non-public portions of a work site without either
(1) the owner's consent, or (2) a warrant.

In summary, Barlow's has two (2) major effects on EPA enforcement
Inspections:

1. Where an inspector is refused entry, EPA will seek an inspection
warrant through the local U.S. Aftorney's Office

2. Sanctions will not be imposed upon the owners of establishments who
insist on a warrant before allowing inspections of the non-public
portions of an establ Ishment

Barlow's decislion is discussed in Chapter 3.0. For additional
information obtain a copy of the EPA procedural guidelines concerning
this declsion from the USEPA Office of Enforcement and Compliance
Monitoring.

2-16
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- 2:15
Kinds of Inspections

As part of the EPA's compl iance monitoring program, the UIC staff may be
cal led upon to verify that certain injection well facility construction,
completion, operation, maintenance, and closure procedures are performed
according to approved plans and schedules and meet all permit or rule
requirements, On-site inspections will be a major part of this

verification effort.

Purposes of Inspections

Inspections may serve one or more of the following purposes:

1. Emergency Inspectlions

2. Preoperational Inspections (verification of compliance with

construction requirements)
3. Mechanical Integrity Tests
4, Compliance Verification
5. Plugging and Abandonment Verification
6. Class |V Closure Verlification
7. General Maintenance Inspection
8. Citizen Complaint Investigation
Emergency, Compliance, and Citizen Complaint Inspections
One of the above Inspection types may be conducted, when appropriate to:
1. Investigate complalnts from the public
2. Determine whether there Is a violation
3. rovlde baslis for enforcement action
4, Def ine nature and extent of violation
5. Provide data to asslst In determining cause of violation
Compialnts alleging Improper construction, completion, operation or

malntenance at an Injectlon well facllity recelved by UIC staff will be
thoroughly Investlgated. Response to complaints may consist of:

2 -17
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1. Establ ishing the nature of the complaint
2. Reviewing appropriate EPA files

3. Establishing contact with the operator to verify the complaint and
discuss corrective action

4. Coordinating with other EPA, State or local regulatory authorities
5. Performing a site Inspection to determine If a problem exists

6. Referring the complaint to Regional Counsel for appropriate
enforcement action

N

16 Preoperational Inspections
Site Inspections to verify or witness drilling and completion procedures
will be conducted by UIC staff according to need and to availability of
resources. Owner/Operators are required to notify EPA of the initiation
of construction operations. Construction operations and testing that may
be witnessed or supervised by the staff include:
1. Well logging
2. Setting and cementing surface casing
3. Setting and cementing protection casing
4, Setting of tubing and packer
5. Formation pressure and injectivity testing
6. Formation fluid testing
7. Mechanical Integrity testing

2:17 Mechanical Integrity Test Inspections

Inspections to verify or witness mechanical integrity tests may be
conducted on a scheduled basis during Routine Maintenance lInspections,

prior to authorizing injection intfo a new well as part of a
Preoperational Inspection, or at the conclusion of a well workover. The
scope of the Inspection is dependent on well construction. Inspection

activities could include:
1. Reviewing historical pressure monitoring data

2. Witnessing pressure test of annulus to evaluate internal mechanical
Integrity

2-18
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3. Witnessing logging or reviewing cementing records to evaluate
external mechanical Integrity

Satisfactory mechanical integrity tests are required to be performed and
witnessed once every five years for Class |, Il and some Class |1l wells.
All pew Class I, 1l and 11| wells must have a demonstration of mechanical
Integrity prior to authorization to inject.

Plugging and Abandonment Inspections

Abandonment of all classes of injection wells Is witnessed by UIC
inspectors to insure that closure is performed according to approved
plans and schedules. (Plugging and abandonment and notification
requirements are found In 40 CFR §144.28 (c), (j), and (k).) Inspections

will generally follow an operator's notification of Intent to plug and
abandon a well but could result from an enforcement action taken by the
Agency. Plugging and abandonment field activities will generally include

both well preparation and plugging.

Closure of Class 1V Wells

Injectlon Into Class |V wells has been banned (Resource Conservation and
Recovery Act of 1976 as amended by the Hazardous and Solid Waste
Amendments of 1984, Sec. 7010). Proper closure of Class |V wells could
be more complex than for other classes of wells, because of the nature of
these operations and their potential for threatening public health.
Inspections are performed in order to:

1. Evaluate previously plugged Class IV facilities

2, Determine If reentry Into a previously plugged well Is required

3. Evaluate degree of hazard to public health

4. Install monitoring facliltles [f requlired

5. Witness pluggling procedures

fn addition to wltnessing the closure of a Cilass IV well, Class IV
Inspectlions Involving sampling and reviewlng company records may be
conducted to determine If, in fact, a well Is a Ciass |V well.

General Malntenance Inspections

The U!IC staff may conduct regulariy scheduled Inspections of permitted
Injectlon faclllitles in order to:

1. Verify that operations being carrled out conform to conditions set
forth In the corresponding permit
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2. Detect developing conditions that might lead to future violations of
permit conditions or of regulations

3. Update EPA records on the facilities and their operations

4., Verify that operations are being conducted using adequate quality
assurance/qual ity control procedures

2-2
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Techniques for Efficient Inspections

INSPECTION GOAL

A primary goal of the inspector Is to assemble iInformation that can be
used for determining compliance with permit conditions, applicable
regulations and other requirements of the EPA UIC program. This
Information may ultimately resuit in enforcement case development and
support. In performing these duties, Inspectors should observe standard
procedures for conducting legal and effective Investigations and in
meeting accepted safety practices and quality assurance requirements.

3:1 Legal Responsibilities for EPA UIC Program

The Environmental Protection Agency is given authority under the Safe
Drinking Water Act to establish a program to reguiate underground
inJection, to define control technologies, to obtain information through
complliance Inspections and speciflic requests for Information, and to take
administrative, civil and/or criminal enforcement actions when violations
of the Act or Iimplemented regulations are discovered. Inspectors should
be familiar with the terms and conditions set forth by the SDWA and
should conduct all investigations with its legal framework In mind. This
includes the fol lowing:

1. Presentation of proper credentials (SDWA §1445 [b][1])

2. Presentatlon of required notices and receipts (Notice of Inspection
Form, figure 3.1)

3, Proper handling of necessary warrants when facillty entry Is denied
4, Handl Ing of confidentlal information

5. Proper handling of samples (Chain-of-Custody) and photographs

3:2 Investigative Techniques and Procedures

3:3

This section describes the step by step procedures that should be
followed in making a thorough and efficient inspection. Inspectors
should be famillar with these general Investigatlve procedures to ensure
accurate, concise and legally defensibie inspections, An outline of

procedural responslbillties In the inspection process Is shown In table
3.1,

Pre~Iinspection Planning
Pre-Inspection preparation Is essential to the effective planning and

overal| success of an Inspectlon. Pre-planning an Inspection will ensure
that 1t is properly focused and efficlent!y conducted.

3 -1
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TABLE 3.1

INSPECTOR RESPONSIBILITIES

—Inspectio
o] Establish purpose and scope of inspection
o] Review background information and Agency records
o Develop plan for Inspection
o] Prepare documents and equipment
o Coordinate schedule with laboratory if samples are to be
col lected
Entry:
o Present offlclial credentials. (As per SDWA §1445 [b][1])
o Manage denial of entry If necessary
Opening Conference:
o} Discuss Inspection objectives and scope
o Establish working relatlonship with faclility officlals
Facllity Inspection:

o} Review facility records

o] Inspect monitor ing equipment and operations

o] Col lect samples

o] Prepare documentation of Inspection activitles

Closing Conference:

o] Collect missing or additional Information

o) Clarify questions with facility offliclals

o Prepare necessary receipts

Fol low=up:

o] Prepare a fol low-up letter to confirm inspection
results

and summarize
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The first step is to establish the purpose and scope of the inspection.
This should give an indication of the extent and degree of preparation
required for the inspection.

Next, inspectors should become familiar with all facility operations to
be inspected and collect and review all background Information necessary
to conduct an efficient and thorough inspection. The types of
information available to the Inspector for gaining insight into facility
operations are:

General Facljity Information
1. Maps showing facllity location, well locations, and geographic
features

2. Wel | names, numbers, and current operating status

3. Names, titles, and phone numbers of responsible facillty officials
4. Nature of pretreatment and injection

5. Production levels - past, present and future

6. Hydrological data

7. Geology/hydrogeology of the area

8. Changes In facility conditions since previous inspection/permit
appl lcation

Requ] te. Requlat]  Linitat]

1. Copies of existing permits, regulations, and requirements--Federal,
State, and local--and restrictlions placed on discharges, compliance
schedules, monitoring and reporting requirements, monitoring
location(s), available monitoring equipment and analytical methods
used by facility

2. Any exemptions and waivers

3. Previous facllity applications for water, air, and solid waste
permits (these flles may contain useful data not shown eisewhere)

dnjection Well and Pre-Treatment Systems

1. Description and design data for Injection well system and process
operation

2. Sources and characteristics of Injected flulds
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3. Type and quantity of fluids injected

4, Spill prevention control and containment (SPCC) plan

5. Available by-passes or diversions and spill containment facilities

6. Pol lution control, treatment methods, and monitoring systems

7. Wel |l completion Information

8. Inspection history of flow and pressure meters

1. EPA and State compllance files

2. Correspondence among facility, local, State and Federal agencies

3. Complaints and reports, follow-up studies, findings, and remedial
action

4, Previous inspection reports, records, correspondence on past
Incidents of violations, status of requested regulatory corrective
action, if any, and compllance by facility

5. Status of current and pending administrative and/or judicial action
against facility

6. Sel f-monitoring data and report

7. Previous EPA, State, and consultant studies and reports

8. Previous deficiency notices issued to facility

The above information can be obtained from compliance files of Federal,
State and local agencies.

Other sources of jnformation are:

1.

Laws and Regulations - The Safe Drinking Water Act and amendments,
the Resource Conservation and Recovery Act (RCRA) and amendments,
and the Underground Injection Control Regulations establish
procedures, controils, and other requirements applicable to a
facility. In addition, State laws and regulations, and sometimes
even local ordinances, are applicable to the same facility.

Permits and Permit Applications - Permits provide site specific
Information on the |imitations, requirements, and restfrictions
appl Icable to underground injection/compliance schedules as well as
monitoring, analytical, and reporting requirements. Permit
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5.

appl ications provide technical information on facility size, layout,
and location of waste sources; +treatment and control practices;
contingency plans and emergency procedures; waste characteristics,
types, and volumes; and locations of wells.

Regional and State Files and Contracts - Files and contracts often
can provide facility self-monitoring data, inspection reports, and
permits and permit applications related to individual facilities.
They can provide compliance, enforcement, and |Itigation history;
exemptions and waivers app!led for and granted or denied; citizen
complaints and actions tfaken; process and operational
problems/solutlions; pollution problems/solutions; laboratory
capabilities or inadequaclies; and other proposed or historical
remedial actions. Consultant reports can provide design,
construction and operation data and recammendations for remedial
measures and safe operating parameters.

Technical Reports, Documents, and References -~ These sources provide
Information on enhanced recovery operaftions, as well as data on
available pretreatment techniques

Other Statutory Requirements - Facllity files maintalned pursuant to
other statutory/reguiatory requirements

Inspection Plan Development

Once the purpose of the inspection has been establ ished and all necessary
back ground Information has been reviewed, a plan for Inspection should be
developed. This should include a comprehensive |ist of tasks to be
performed and the resources needed to complete them. Procedural steps
and schedul Ing should also be detailed In the inspection plan. The
following Items generally should be included In an Inspection plan:

Qbjectives:

1.

What is the purpose of the Inspection?

2, What Is to be accomplished?

Iasks:

1. What tasks are to be completed?

2. wWhat Information must be col lected?

Procedures:

1. What procedures are to be used?

2. Will the Inspectlon require speclal procecures?
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1. What personnel will be required?
2. What equipment or Instruments will be required?

3. What safety precautions should be teken? What safety precautions
are required by the facility owner/operator? (This Is especially
important when the facility Is injecting hazardous wastes.)

Inspection Schedule
1. What will be the time requirements for inspecticn activities?
2. What will be the key tasks to be accomplished during the inspection?

3. Has there been schedule coordination with the lab where samples are
taken?

Notification of Interested Parties

The final step in pre-inspection preparation concerns notification of
personnel and agencles to be Involved in the Inspection process.
Notifications may be made by telephone, particularly In an emergency
situation, and followed promptly by a letter. This procedure Is used In
several states. A notice of Iinspection usually requests information
regarding specific facility safety regulations and may include the date
of Inspection and a schedule of procedures for coordinating Inspection
activities with the facility.

Unannounced [nspections

Situations involving suspected Illegal discharges or emissions may
warrant an unannounced inspection if there s concern some crucial
evidence may be altered or destroyed. See also 3:14, "Emergency"
Situations.

Facil ity Entrance

Consensual entry will be the norm for most inspecticns and the following
procedures should be applied when entering a facility. The Iinspector
should arrive during normal working hours and Immediately locate the
facility owner or appropriate agent. The Inspector should clearly
identify himself as an EPA UIC inspector, present the proper credentials
and a notice of inspection (figure 3.1), Credentials must be presented
before performing any inspection duties.

Inspectors should not sign any "walver" or "release" that relleves the
facility of responsibillty for injury or restricts the use of information
obtained during the course of the Inspection. This approach does not,



U.S. ENVIRONMENTAL PROTECT ION AGENCY

Address (EPA Regional Office)

Date Hour
Notice of Inspection
Firm Name Firm Address
Inspector Name & Title Inspector Signature

Notice of Inspection is hereby given according to Section 1445 (b) of the Safe

Drinking Water Act (42 U.S.C. $300 f et seq.).

Reason for Inspection

For the purpose of inspecting records, files, papers, processes, controls
and facilities, and obtaining samples to determine whether the person subject
to an applicable underground injection control program has acted or is acting
in compliance with the Safe Drinking Water Act and any applicable permit or

rule.

Section 1445 (b) (c) of the SDWA (42 U.S.C. §300 j-4 (b) (c) is quoted on the

reverse of this form.

EPA FORM
Receipt of this Notice of Inspection is hereby acknowledged.
Name :
Title:

Date:

Peure o0 Notioe or Inmpes tien




Section 1445,
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(b) (1) Except as provided in paragraph (2), the Administrator, or
representatives of the Administrator duly designated by him, upon presenting
appropriate credentials and a written notice to any supplier of water or other
person subject to (A) a national primary drinking water regulation prescribed
under section 1412, (B) any applicable underground injection control program,
or (C) any requirement to monitor an unregulated contaminant pursuant to
subsection (a), or person in charge of any of the property of such supplier or
other person In charge of any of the property of such supplier or other person
referred to in clause (A), (B), or (C), Is authorized to enter any
estabi ishment, faciilty, or other property of such suppiier or other person in
order to determine whether such supplier or other person has acted or is
acting in compliance with this title, Including for this purpose, inspection
at reasonable times, of records, flles, papers, processes, controls, and
facilities, or in order to test any feature of a public water system,
including Its raw water source. The Administrator or the Comptroller General
(or any representative designated by either) shall have access for the purpose
of audit and examination to any records, reports, or information of a grantee
which are required to be maintained under subsection (a) or which are
pertinent to any financial assistance under this title.

(2) No entry may be made under the first sentence of paragraph (1) in an
establ ishment, facility, or other property of a supplier of water or other
person subject to a national primary drinking water reguiation if the
establ ishment, facility, or other property Is located in a State which has
primary enforcement responsibility for public water systems unless, before
written notice of such entry Is made, the Administrator (or his
representative) notifies the State agency charged with responsibillty for safe
drinking water of the reasons for such entry. The Administrator shall, upon a
showing by the State agency that such an entry will be detrimental to the
administration of the State's program of primary enforcement responsibility,
take such showing Into consideration In determining whether to make such
enfry. No State agency which recelves notice under this paragraph of an entry
proposed to be made under paragraph (1) may use the Information contalned In
the notice to inform the person whose property is proposed to be entered of
the proposed entry; and if a State agency so uses such information, notice to
the agency under this paragraph is not required until such time as the
Adninistrator determines the agency has provided him satisfactory assurances
that it will no longer so use information contained in a notice under this

paragraph.

(c) Whoever fails or refuses to comply with any requirement of subsection (1)
or to allow the Administrator, the Comptroller General, or representatives of
either, to enter and conduct any audlt or Inspection authorized by subsection
(b) shall be subject to a civil penalty of not to exceed $25,000.
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however, apply to contractors. Denial of entry will be discussed in
Section 3:16.

Opening Conference

The initial meeting with the permittee should detail the scope of the
inspection and the schedule to be followed during the inspection. The
authority under which this investigation Is being conducted should be
specifled and the names of all personnel (EPA and Contractor) Involved
with this iInspection should be provided to the permittee. This opening
conference should promote cooperation and a professional working
atmosphere which will ultimately contribute to the success of the
Inspection.

l  lon Ob ject lves:

An outlIne of the Inspection objectives Informs facllity officials of the
purpose and scope of the inspection and may held avoid misunderstandings.

lnspection Schedule:

A discussion of the order in which operations will be Inspected helps
eliminate wasted time by allowing officials time to make records
avallable and start up intermittent operations.

Split Samples:

Facillity officials should be informed during the opening conference of
their right to receive a split of any sample collected for laboratory
analyslis.

Meefings:

A schedule of meetings with key personnel allows them to allocate clear
times to spend with the inspector.

Records:

A 1llst of records to be Iinspected allows officlials to gather and make
them available to the Inspector.

Accompaniment:
It is Important that a facillty offlclal accompany the inspector during

the Inspection not only to describe the site and its princlpal operating
characteristics, but also for safety and Ilabillity consliderations.
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Permit Verfication:

The inspector should verify the following information with facility
officials:

1. Name and address of facllity

2. Composition and source of injection flulds
3. Injectlon rates and pressures

4, Number and location of injection wells

5. Operating status of injection wells

6. Adequate quality assurance/qual ity control

7. Calibration and maintenance of monitoring devices

Safety Requirements:

The inspector should determine which EPA, OSHA and facility safety
regulations are applicable to the inspection, and should be prepared to
meet these requirements (See chapter 5.0).

New Requirements:

The Inspector should discuss any new rules and regulations that apply to
the facility and answer any questions pertaining to them.

Photographs:

Photographs are used to clarify and supplement written information in the
Inspection report, and to provide evidence for enforcement proceedings.
The faclility, however, may object to the taking of photographs. If a
mutually acceptable soiution cannot be reached and photographs are
considered essential to the inspection, Agency supervisory and legal
staff should be contacted for advice.

Facility personnel may also request that any photographs taken during the
Inspection be considered confidential. The Agency is obliged to comply
with this request pending further legal determination. Self-developing
film, although lower quality, is useful in certain situations. The
facility's official representative may refuse permission to tfake
photographs unless they can see the finished print. Duplicate
photographs (one for the inspector and the other for the Company) should
satisfy this need.
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3:10 Facility Inspection and Documentation

The inspector is responsible for providing documentation of any suspected
permit violations or other discrepancies uncovered during an inspection,
A detailed record of inspection procedures, field observations and
physical evidence collected should be maintained for later use in any
enforcement proceedings, as a basls for written reports, or for
examination by compliance personnel. Inspectors should use a hardbound
field notebook with numbered pages. All documentation should be done in
ink (mistakes and corrections initialed). The following types of
Information should be recorded during an inspection:

Observations:
All conditions, practices, and other observations that will be useful in
preparing the Inspection report or that will contribute to valid evidence

should be recorded.
Procedures:

Inspectors should describe all procedures followed involving entry,
sampl Ing, records examination and document preparation.

Documents:

All documents taken or prepared by the inspector should be noted and
related to specific Inspection activities.

Samples:

"Chain-of-custody" procedures must be followed to control the fate and
condition of samples from collection to final analytical results
reported. The system must ensure that no alteratlons or loss of samples
occurred from the time they were taken to the time they were analyzed.
All qual ity assurance/qual ity control procedures should be strictly
adhered to.

statements:

Formal statements obtalned from facllity personnel can be useful in
documenting an alleged violation. The person making the statement should
have personal, flirsthand knowledge of the Information. The following
procedures and consliderations should be used when documenting a formal

statement:
t. Determine the need for a statement. Wili 1t provicde useful
Information? s the person making the statement qualifled to do so

by personal knowledge?
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Ascertain all the facts and record those which are relevant and
which the person can verify in court, making sure ail Information Is
factual and firsthand, and avoiding taking statements that cannot be
personal ly verified.

tateme Preparat :

Use a simple narrative style, avoiding stilited language

2, Narrate the facts In the words of the person making the statement

3. Use the first-person singular ("!| am manager of...")

4, Present the facts In chronological order (If possible)

5. Positively identify the person (name, address, position)

6. Show why the person Is qualified to make the statement

7. Present the pertinent facts

8. Have the person read the statement and make any necessary
corrections before signing. |If necessary, read the statement to the
person in the presence of a witness

9. All mistakes that are corrected must be Initialed by the person
making the statement

10. Ask the person making the statement to write a brief concluding
paragraph Indicating that he or she read and understood the
statement (this safeguard will counter a later claim that the person
did not know what he or she was signing)

11. Have the person making the statement sign i+

12, If he or she refuses to sign the statement, elicit an acknowledgment
that it Is true and correct. Ask for a statement in his or her own
hand ("| have read this statement and it is true but | am not
signing It because..."). Failing that, declare at the bottom of the
statement that the facts were recorded as revealed and that the
person read the statement and avowed it to be true. Attempt to have
any witness to the statement sign the statement Including witness'
name and address

13. Provide the person with a copy of the statement

Photographs:

Photographs provide an objective view of facility conditions during the
inspection. The permittee's approval should be obtained before
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photographing any facllity operations; however, photographs may always be
taken from public areas., The following details should be recorded when
taking photographs durlng an inspection:

1. Name and title of the photographer and witness (if any)

2. Type of film used (i.e., brand, size, expiration date, ASA number,
etc.)

3. Focal length of the lens being used

4, F-stop and shutter speed at which the camera is set

5. Lighting conditions encountered

6. Time of day, weather conditions

7. Date

8. Location, and direction camera Is facing

9. A brief description (scale) of the subject being photographed

Record a brief description of the photograph (location, subject, date,
etc...) on the back of the photograph to simplify later identification.

Drawings and Maps:

Maps, drawings and charts are valuable tools in producing an accurate
schematic representation of the facility under Inspection. Oilfleld maps
can be used to locate production and injection wells,

Records and Flle Coples:

This Information can provide Important insight into a facility's
condition and operations. Records and files can be in several forms =~-
written or printed materials, computer or electronic records, or
photographic records. Follow these suggestions when examining and
copy Ing records.

1. Group related records together

2. Handle confldential buslness records according to EPA procedures.
Not all records may be claimed as business confldential (see 40 CFR
Part 2). If In doubt, treat the records as confidential until a

declsion on the clalm can be obtalned from the appropriate EPA
officlal

3. Note physical location of the origlinal record (l.e., address of the
facllity, bulldling number, room number)
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4., Obtain and record information about a facility's recordkeeping
procedures which may be useful in later inspections

5. Return originals, after copying, to the proper personnel or to their
correct location

a n o) :
Describe unusual conditions and problems In detall.
l rmation:

List in the inspection report the names and titles of facility personnel
and the activities they perform, along with any pertinent statements they
made.

Closing Conference

Fol lowing the inspection the results may be discussed with the facilities
management team or operating personnel in a closing conference. This
discussion may cover all specific findings of the investigation and where
appropriate, the findings should be compared with the facility's UIC
permit requirements.

The inspector must refrain from discussing any legal or enforcement
consequences with the permittee. He should not recommend any service
company or consultant for correcting existing or potential well problems.

Sample Collection and Handling
e and Approxim r mples T

The number of samples depends on the inspection objective, type of site
inspected and Information desired. The sample, representative of the
main body of waste, must be adequate In size for all needs Including
laboratory analyses or splitting with other organizations. Appendix D
presents data on recommended containers, preservatives and holding times
for varlous analyses. All sample containers, Including those used in
sampl Iing hazardous waste, should be filled to overflowing before capping
to reduce the loss of any volatile components and fto reduce possible
oxidation. All sampling should follow the approved Quality Assurance
Project Plan for the State.

S e ntalners

Sample containers must be chemically clean and of the design and size
specified by the analytical laboratory for the particular type of waste,
the required preservation, and the required analytical procedure. The
EPA Handbook for Analytical Quality Control in Water and Wastewater
laboratories (EPA 600/4-79/019) gives special instructions for the
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cleaning of bottles to be used for organic analysis. For some samples it
Is possible to use a new plastic container and dispose of It after
completing the analysis.

- r

A grab sample Is one taken from only one point at one particular time.
Most Class |1 well facilities will require grab samples. If sampling
points are provided, the wellhead Is an ideal place to take a grab sample
of the injected fluids. [t should be noted that all samples of the waste
stream should be taken at a point which is down line from all treatment
units, such as a filter. Widemouth sampling containers are preferred to
facilitate rapid collection; the sample volume is set by the analytical
taboratory. Individual grab samples are required if analyses for
dissolved gases, resldual chlorine, sulfides, or pH are to be made.
These require immediate preservation and sealing (see appendix D).

A composite sample Is a mixture of Individual samples collected "cver
time." A composite Is more representative of the average waste
composition than a grab sample. Care must be taken not to mix
Incompatibie wastes.

A Class | Injection stream should be sampled proportional to the flow
rate. A typical ratio is one milliliter sample for each gallon per
minute of flow. Automatic liquid samplers composite samples on the basis
of flow or time.

Chain of Custody

Fol low Chain-of-Custody Procedures. The Agency must be in a position to
demonstrate the rellability of analytical test results by proving the
chain of possession from the time of col lection through transportation to
the laboratory, storage, handling and analysis. Procedures have been
established by the EPA to create an accurate written record that can be
used to trace the possession of the sample from the moment of its
collection through Its Introduction Into evidence. Details of sample
control are included In the NEIC Policies and Procedures Manual (EPA-
330/9-78-001) and In the Regional or State UIC Quality Assurance Project
Plan. Instructions for completing the Chain-of~-Custody record are
Included In appendix A. Further sources of Information on sampling and
sample handling are Included in the reference sectlon at the end of this
chapter.

The Right of Warrantless Entry

"Emergency® Situatlions
tn an emergency, where there is not time to get a warrant, a warrantiess
inspection Is permissible. The Reglons will always have tc exerclse

conslderable judgment concerning whether to secure a warrant when dealing
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with an emergency situation. However, if entry Is refused during an
emergency, the Agency would need the assistance of the U.S. Marshal to
gain entry, and a warrant could probably be obtained during the time
necessary to secure the Marshal's assistance.

An emergency situation would include poteniial imminent hazard
situations, as well as situations where there Iis potential for
destruction of evidence or where evidence of a suspected violation may
disappear during the time that a warrant Is being obtained.

Observation by Inspectors of things that are in plain view, that Iis,
things that a member of the public could be In a position to observe,
does not require a warrant., Thus, an Inspector's observations from the
public area of a plant or even from certain private property not clcsed
to the publlic are admissible. Observations made even before presentation
of credentials while on private property which Is not normally closed to
the public are admissible.

Withdrawal of Consent to Inspection

The owner may withdraw his consent to the Iinspection at any time. The
inspection Is valid to the extent to which It has progressed before
consent was withdrawn. Thus, observations by the inspector, including
samples and photographs obtained before consent was withdrawn, would be
admissible In any subsequent enforcement action. Withdrawal of consent
is tantamount to a refusal to allow entry and should be treated as
discussed above, unless the inspection had progressed far enough to
accomp!ish Its purposes.

Denial of Entry

Denial of entry intfo a faclillty requires certain procedural steps that
should be undertaken by the Inspector fto ensure that proper legal
guidelines are followed. The steps outlined below are In accordance with
the Safe Drinking Water Act and the 1978 U.S. Supreme Court decision in
Marshal vs. Barjow's, loc.,, U.S., 98 S. Ct+. 1816, and should be followed
in the event entry to a facility is denied for Inspection purposes. A
professional attitude should prevall at all times.

I tor ldentificati

Upon arrival at the facility the Iinspector should clearly Identify
himself as an EPA UIC Inspector and present the proper credentials and
notice(s) of inspection to the facility owner or agent in charge.

The establishment owner may complain about allowing an Inspector to enter

or otherwise express his displeasure with EPA or the Federal government.
However, as along as he allows the inspector to enter, the entry is
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voluntary and consensual. On the other hand, if the inspector gains
entry In a coercive manner (either in a verbal or physical sense), the
entry would be not be consensual.

Bariow's clearly establishes that the owner does have the right to ask
for a warrant under normal circumstances. Therefore, refusal to allow
entry for inspectional purposes will not lead to civil or criminal
penaities if the refusal Is based on the inspector's lack of a warrant
and the situation Is such that the right of warrantless entry doesn't
exist (to be discussed later). |f the owner were to allow the inspector
to enter his establishment only In response to a threat of enforcement
ITability, It Is quite possible that any evidence obtained in such an
inspection would be inadmissible. An inspector may, however, Inform the
owner who refuses entry that he intends to seek a warrant to compel the
inspection.

Reason for Denlal

If entry Is not granted, ask why. Tactfully probe the reason for the
denial to see [f obstacles (such as misunderstandings) can be resolved.
I[f resolution Is beyond the authority of the inspector, he or she may
suggest that the facility officlals seek advice from thelr attorneys on
clarification of the scope of EPA's inspection authority under the Safe
Drinking Water Act.

DRenial Confirmed

If entry Is still denled, the Inspector should leave the premises
Immedlately and telephone the designated Reglional Enforcement Attorney as
soon as possible for further Iinstructions. The Regional Enforcement
Attorney should contact the U.S. Attorney's Office for the district In
which the establishment desired to be Inspected is located and explain to
the appropriate Assistant United States Attorney the need for a warrant
to conduct the particular inspection. The Reglonal Attorney should
arrange for the United States Attorney to meet with the Inspector as soon
as possible. The inspector should bring a copy of the appropriate draft
warrant and affidavits.

Record Detalils of Denial
All observations pertalning to the denial are to be carefully noted in
the fleld notebook. Include facillity name and exact address, name and

title of person(s) approached, authority of person(s) who refused entry,
time of denlal, reason for dental, facllity appearance, any reasonable
suspiclons that refusal was based on a deslre to cover up regulatory
violations, etc. All such Informatlion wi!l be Important shouid e warrant
be sought.
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3:17 The Warrant

3:18

Iin the event that a warrant becomes necessary the inspector should be
aware of what Information Is required to obtain a warrant. There are
several general rules for securing warrants. Three documents have to be
drafted:

1. An application for a warrant
2.  An accompanying affidavit
3., The warrant

Each document should be captioned with the District Court of
Jurisdiction, the title of the action, and the title of the particular
document,

The application for a warrant should generally identify the statutes and
regulations under which the Agency Is seeking the warrant, and should
clearly Identify the site or establishment desired to be inspected
(including, if possible, the owner and/or operator of the site). The
application can be a one or itwo page document if all of the factual
background for seeking the warrant is stated In the affidavit, and the
application so states. The application should be signed by the U.S.
Attorney or by his Assistant U.S. Attorney.

The affidavits In support of the warrant application are crucilal
documents., Each affldavit should consist of consecutively numbered
paragraphs, which describe all of the facts that support warrant
Issuance. |f the warrant is sought In the absence of probable cause, it
should recite or Incorporate the neutral administrative scheme which is
the basls for inspecting the particular establishment. Each affidavit
should be signed by someone with personal knowledge of all the facts
stated. In cases where entry has been denied, this person would most
likely be the Inspector who was denled entry. Note that an affidavit is
a sworn statement that must either be notarized or personaily sworn to
before the magistrate or judge. See appendix F for examples of the
documents described above,

Inspection with Warrant

Once the warrant has been Issued by the magistrate or judge, the
inspector may proceed to the establishment to commence or continue the
Inspection. Where there is a high probability that entry will be refused
even with a warrant or where there are threats of violence, the Inspector
should be accompanied by a U.S. Marshal when he goes to serve the warrant
on the recalcitrant owner. The inspector should never himself attempt to
meke any forceful entry of the establishment. |[f the owner refuses entry
to an Inspector holding a warrant but not accompanied by a U.S. Marshal,
the inspector should leave the establishment and inform the Assistant
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U.S. Attorney and the designated Regional Attorney. They will take
appropriate actlon such as seeking a citation for contempt. Where the
Inspector is accompanied by a U.S. Marshal, the Marshal is principally
charged with executing the warrant. Thus, if a refusal or threat to
refuse occurs, the inspector should abide by the U.,S. Marshal's decision
whether it is to leave, to seek forcible entry, or otherwise.

The Inspector should conduct the inspection strictly in accordance with
the warrant. |f sampling Is authorized, the Inspector must be sure to
carefully follow all procedures, including the presentation of receipts
for all samples taken. |[f records or other property are authorized to be
taken, the Inspector must provide a receipt for the property taken and
maintain an inventory of anything taken from the premises. This
inventory will be examined by the magistrate to assure that the warrant's
author ity has not been exceeded.

Returning the Warrant

After the inspection has been completed, the warrant must be returned to
the maglistrate or judge. Whoever executes the warrant, i.e., whoever
performs the Inspection, must sign the return of service form indicating
to whom the warrant was served and the date of service. He should then
return the executed warrant to the U.S. Aftorney who will formally return
It to the issulng magistrate or judge. |If anything has been physically
taken from the premises, such as records or samples, an Inventory of such
items must be submitted to the court, and the inspector must be present
to certify that the Inventory is accurate and complete.

Seeking a Warrant before Inspection

The Barlow's decl!sion recognized that, on occasion, the Agency may wish
to obtain a warrant to conduct an inspection even before there has been
any refusal to allow entry. Such a warrant may be necessary when
surprise Is particularly cructal to the inspection, or when a company's
prior bad conduct and prior refusals make it |ikely that warrantless

entry will be refused. Pre-inspection warrants may also be obtained
where the distance to a U.S. Attorney or a magistrate Is considerable so
that excessive travel time would be consumed If entry were denied. At

present, the seeking of such a warrant prior to an Initial inspection
should be an exceptional clrcumstance, and should be coordinated through
Headquarters. lf refusals to allow entry without a warrant Increase,
such warrants may be sought more frequently (see appendix F).

Professlional Business Ethlics

Inspectors should conduct their Inspectlons with a high degree of
professionalism and workmanship. Since the inspector Is usually the
initial or oniy contact between the operator and the reguietory agency it
Is imperative that he be dignifled, tactful, courtecus and dliplcematic.
To promote good working relations and establlsh a cooperative atmosphere
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the inspector should be firm but responsive., The following rules should
be applied when Inspecting a facllity:

1. The inspection should be developed and repcrted with complete
objectivity

2. Information acquired during an inspection is for official use only

3. No favors or benefits should be accepted under clrcumstances that
might be construed as influencing the inspector's performance of
duties

Inspection Report

Inspection reports are essential and valuable tools in preparing evidence
reports and in providing clear, concise methods for correcting prob lems
and deflicliencies noted during the Inspection. A well organized
Inspection report should follow the general guidellines discussed In this
section,

Organization and Arrangement
The organization and arrangement of a report should be:

1. Accurate: All information must be factual and based on sound
Inspection practices. Observations should be the verifiable result
of firsthand knowledge. Compliance personnel must be able to depend
on the accuracy of all Information.

2, Relevant: Information In an Inspection report should be pertinent
to the subject. Irrelevant facts and data will clutter a report,
reducing its clarity and usefulness.

3. Comprehensive: Suspected violation(s) should be substantiated by as
much factual, relevant Information as feasible to gather. The more
comprehensive the evidence Is, the better and easier the enforcement
task will be.

4, Coordinated: All pertinent Information should be organized into a
complete package. Documentary support (for example, photographs,
statements, samples and documentation) should be clearly referenced.

5. Objective: Information should be objective and factual; the report
should not speculate on the ultimate result of any factual findings.

6. Clear: The information in the report should be presented in a
clear, well organized manner.

7. Neat and Legible: Allow time to prepare a neat, legible report,
type written if possible.
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Preparing and Writing the Inspection Report

Basic steps in preparing and writing the inspection report are:

1.

Reviewing the Information: The first step In preparing the

narrative is to collect all information gathered during the
Inspection. The inspector's field notebook should be reviewed in
detail. All evidence should be reviewed for relevance and

completeness. Gaps may need to be filled by a phone call or, in
unusual circumstances, by a fol low=up visit.

Organizing the Material: The Information may be organized in many
forms, depending on the individual need, but should be presented in
a loglcal manner. An example of an inspection report form has been
Included In appendix N.

Referencing Accompanying Material: Documentary support for a
narrative report should be clearly referenced so that the documents
can be readlly located. Documents should be checked for clarity.

Writing the Narrative Report: The purpose of the narrative is tfo
record factually the procedures used In, and findings resulting
from, the evidence-gathering process. The inspector should refer to
routine procedures and practices used during the Inspection, but
should describe facts relating fo potential violations and
discrepanclies In detail. The field notebook is a guide for
prepar ing the narrative report.

Maln Body of the Report

The maln body of the report should contalin all pertinent facts and
Information acquired durling the Inspection, It generally will contain
three basic Items listed below:

1.

Permittee Compliance History

2. Documentary Support
3. Supplementary Narrative Information
Useful Gujdelines In Writing

Useful guldelines In writing a narrative report include:

1.

General Information

o) State location of facility and name, title and phone number of
person in charge

C Give general descrliption of facillty
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o] State the purpose of the inspection and how the facility came
+0 be insnected (for evamnle. anerator naotlfication comnlaint
LI =g ek lllurl\l\—l Nl ASR V) \-I\UIIIPIU, \JPUI AT HIN T L Nl I\JII, \-UIIP! i
response, etc...)

Findings and Conclusions

o State what the findings of the inspection were, Inciude any
problem areas that currently do, or potentially may, affect
compl iance

o] Compare compl fance with permit requirements, including effluent
Iimitations where appropriate

o] Describe any problems, such as denied or withdrawn consent of

entry to the facility; reluctance; or if a warrant was needed

Facllity Information

(o]

Give the size of the faclility based on observations and
previous data for both production and Injection flows; give
nunber of wells

Describe the Injection system and the operations

Compare permit or permit application with actual facility
conditions (Include sampling points and monitoring locations)

Documentation

o

List the records reviewed, noting the reasons for their review,
and referencing documents that were borrowed or copied

Describe any inadequacies in recordkeeping procedures, or if
any required information was unavailable, Incomplete or
Inaccurate; special consideration should be given to pressure
and flow measurement records, and construction schedules (if
relevant)

Note and reference any statements taken durling the inspection

Reference any photographs taken during the inspection that
relate to possible violations

Reference any drawings, maps, charts, or other documents made
or taken durling the inspection
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Monitoring Information

o] Describe sampling points and techniques used

o Note if split samples were taken

o] Describe methods of annulus and injection pressure monitoring

0 Describe chaln-of-custody procedures used In handling samples
Attachments

o} Prepare a |ist of all supporting documents (a general index

will help compliance personnel to locate specific documents)
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4 |nspections

INTRODUCT ION

The general techniques for inspections were discussed in detail in Chapter
Three. The purpose of Chapter Four is to examine the different types of
inspections that an Inspector may be asked to perform. These include
preoperational inspections, mechanical integrity test Inspections, plugging
and abandonment, Class IV closure verification, emergency inspections,
compliance verification, and citizen complaint Investigations. Each of the
following sections provides pertinent background information and descrlbes the
procedures required to perform each type of Inspection.

4:1 General Inspection Procedures

General inspections by UIC Staff to verify or witness facllity operations
may be conducted routinely according to a general plan, or In response
fo a complaint or other indications that a violation may exist. The
procedures outlined below are to be followed during all types of
Inspections. They are general gquidelines for the inspector, and any
observations made with regard to any of the items in the following lists
should be duly recorded.

4:2 General Inspections
General Inspection of the injection facilities and monitoring wells
should be routinely conducted by the inspector while he is on site and

should Include at least the fol lowing items:

1. Check for changes to the Injection system, including supply |ines,
treatment, storage, and monitoring devices

2. Verify that there has been no change in facility process which could
affect the waste stream

3. Check for signs of surface spills related to Injectlion facility

4. Check for signs of wel!l workover since last inspection

wn
.

Check for signs of corrosion, rust, wear and damage to surface
facllitles

6. Check instruments (gages, manameters, recorders, meters, etc.) for
sensitivity and accuracy

7. Verify that number and Identity of injection and monitoring wells
agree with those [isted In the permitting documents
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conditions: The inspector should verify that all required information
has been accurately recorded and Iis up~to-date. Facil ity operations
should be compared with permit conditions to verify compliance. The
records review should include an examination of operator records on QA/QC
for all monitoring devices and for the sampling analyses of injected
fiuid, (inciude review of sampiing method.)
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I'f any activities differ from those stated in the permit the inspector
should note whether EPA was notified. An examination of records showing
injection rates and pressures and physical and chemical properties of the
injected fluids can reveal the operating history of the facility.
Figures 4.1, 4.2, and 4.3 are EPA forms used by injection well
owners/operafors To report required information.

Review the self-monitoring system and reporting procedures: The EPA UIC
Program requires that permittees maintain records and report periodically
the amount and nature of waste injected. Routine inspections should be
conducted at all permitted facilities to verify compliance with permit
and/or regulatory requirements. A review of facility records should
encompass the following:

1. s the monitoring performed according to permit or rule
requirements?

2. Is all required information available?
3. s the information correct?
4. Is the information being maintained for the required period of time?

5. Are the monitoring gauges properly maintained and frequently
cal ibrated?

Evaluate the operation and maintenance of the facility., After careful

observation of a facility and review of its performance records, the
inspector should determine if anything requires further investigation.
He should decide whether the owner/operator has complied with applicable
requirements or if he needs assistance.

Check List for General Site Inspection

Examination of injection Facility. Verify:

1. Information contained in the permit
2. Adequacy of equipment calibration and maintenance

3. Adequacy of backup facilities (if any)



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASIINGTOM, DC 20440

SEPA i
ANNUAL DISPOSAL/INJECTION WELL MONITORING REPORT

MAME AND ADORESS OF EXGSTING PERMITTEE

MAME AND ADORESS OF SURFACE OWNER

e S

—}--

STATE County T PERMIT NUMBER

SURFACE LOCATION DESCRIPFTION
A OF 4 OF ‘A SECTION TOWNSHIP RANGE

LOCATE WELL N TWO DIRECTIONS FAQOM NEAREST UINES OF QUAATER SECTION AND DRILLING UNIT

Surtece
LOCEUON . 1L rom (R/S) ___ Line of quarer secaen

oy R rom E/W) . Line of QUOrTE” e on

WELL ACTIVITY TYPE OF PERMIT
£ Z 8nne Owmoosal Z Ingrvisusi

Z Enhanced Recovery Z Ares

. Myarocertion Storege Numoer of Weils —__

Loase Neme Waell Numbe

Nomitoring Locatiom:
(2! ammifold marssring)

Naturw 3f Inje iocw Fluid

HRUECTION

LoV Y
PRESSUNE TOTAL VOLUME nJECTED 38l Jav)

MONTH YEAR i AVERAGE "SIG

| MAXIMUM PSIG - [T18 | CE AVERACE MAXIMUM

|
|
|
|

|

| |
| |
B |
| |
| |
| |
| |
| |

CFR 144 32,

CERTIFICATION

certify underthe penaity of law that! have personally examined and arm farmiitar with the information Sudmitted in
this document and ail attachmeants and that, based on my inGuiry of tr.J5e indivaduasls immediately responsible for
00taining the :nformation. | believe that [ne infOrmation i3 (rue, accurate. and complete | 8m aware that (Pere are
significant penaities lor sudmtting faise information. including the possibdity of 1:ne and imprisonment (Raf 40

MU AND OFSICLAL TTTLL (Proane rvme o ar e/

SiGnuaTunE C OaTL SIGNED

EPA Formn 7820-11 (2 84}

Flgura 31

Annuai ngection Monitorning Report




THIS PAGE INTENTIONALLY LEFT BLANK



wEPA

WASHINGTON, DC 20460

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

INJECTION WELL MONITORING REPORT

Form Approved
OMB No. 2000-0042
Approval expires 3-30-86

YEAR

MONTH

MONTH

MONTH

Injection Pressure (PSH)

1.

Minimum

2. Average

3. Maximum

Injection Rate (Gal/Min)

1.

Minimum

2. Average

3. Maximum

Annular Pressure (PSI)

1.

Minimum

2. Average

3. Maximum

Injection Volume {Gal)

1.

2.

Monthly Total

Yearly Cumulative

Temperature (F°)

. Minimum

. Average

. Maximum

3.

. Minimum

. Average

Maximum

Other

Namea and Address of Parmtiee

Prema Number

Name and Qticiml Tole (Pinase type or print)

Signuture

Date Signwd

EPA Form 7620-8 (2 84)

Figure 42

45

Monthly Monitorineg ¢

pe

Teport




THIS PAGE INTENTIONALLY LEFT BLANK



For Sample Use Only - Camparable Format Acceptable

U.S. ENVIRONMENTAL PROTECTION AGENCY MONTHLY MONITORING REPORT
— FOR CLASS ___ INJECTICN WELLS
Insert Operator Name & Address Sheet of

Please canplete and submit this report at the end
of each month. This report must be postmarked no
later than the 10%N day of the following month.

| 1 I 1__I check one —> |__} |
PERMIT NOMBER MO. TEAR ECR S0

2
w

INJECTION PRES. (psig) | ANNULUS PRES. (psig) FLCW RATE (BPD) CUM. VOL. (BPD)

Wil n|wn| atulro]r—

{
|
}
|
'y !
|
|
|
t
|

AVERALL i

HIGHIEST
VALLE
LOWEST |
VALLE

]
L
i
|
|
}
|

—_— 4
VIS AR DU YN TON NN N U O U

Specific Gravity of Injected fluids:

Figure 4.3 Dadv Monttoring e cort

47



THIS PAGE INTENTIONALLY LEFT BLANK



4:3

Performance of pre~injection facilities
Suitability and operation of monitoring equipment
Efficiency of manifold monitoring

Evidence of surface contamination

Evidence of noncompliance with regulatory requirements

Permit Verification and Compliance Review, Verify:

Name and mailing address of permittee

2. Facl ity description in permit

3. Proper notification of any operational changes to EPA/State

4. Maintenance of accurate records of Injectlion volumes and pressures
5. Number and location of wells as described in the permit

6. Description and source of Injection fluids

7. Permits for all wells In use

Se| f-Monitoring and Reporting Review, Verify:

1. All data, measurements, and analyses required by permit

2. Monitoring well locaticns

3. Calibration of monitoring equlipment

4. Sampl ing and analysis data adequacy

o) Dates, times, location of sampling

o Name(s) of Indlvidual(s) performing sampling

o) Sample volumes, kinds of containers, preservation, and storage
ol Analytical methods and techniques

o Results of analyses

o Names of laboratories and personnei performing analyses

0 Instantaneous flow at grab sample stations



4:3

Operation and Maintenance Evaluation, Verify:

1. All required information available and current
2. Information maintained for required period
3. Plant records adequacy
o 0 & M Manual
o "As-bul I+" engineering drawings
e Sam

1. Obtain either grab (using procedures from Chapter 3) or composite
samples, as required

2. Measure pH, temperature and conductivity of injection fluid, where
possible

3. Observe qual ity assurance/quality control procedures

4. Follow chain-of-custody procedures

5. Obtain spiit samples, if owner/operator so requests

6. Document samples in field notebook

The remaining sections in this chapter will address the correct protocol
to be followed, in addition to those outlined in 4:2 and 4:3, when

performing each type of inspection. The Inspection types to be discussed
are:

r rafi
ompl fance ver|fij n
Mechanical integrity test
Plugging and abandonment
Class 1V closure
erge
It1zen i esti n
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4:4 - 4:5

4:4 Preoperational Inspections

4:5

After a new UIC permit Is granted and prior to start-up, the Inspector
may perform several preoperational inspections. The purpose of these
inspections Is to (1) assure that the well Is constructed so as to
protect the USDW; (2) assure that any deviations from the construction
design were approved by the EPA; (3) determine if the geology and
hydrogeology encountered during drilling are as described in the permit
appl fcation; and (4) assure that the well has mechanical integrity and
injection potential prior to being approved for use.

There are certaln critical construction activities the inspector should
witness. Some of the more Important are:

Open hole and cased hole logging

Primar me

Formation pressure and injectivity testing

Mechani inteqgr te

It is strongly recommended that the owner/operator be required to notify
the EPA when drilling begins, and not less than 72 hours before any other
critical construction activity (as defined by EPA) Is scheduled to take
place. This permits the Inspector to plan in advance his visit to the
site.

Logging

Several comprehensive references on well log analysis are l|isted at the
end of thls chapter. A brief description of cammonly used logs Is
presented below. A general checklist for witnessing well logging in the
field is also Included.

Logging provides subsurface Information on:
Geologlc strata -- kinds and thicknesses -- penetrated by the well
ndition (r ri he drille

Kinds of fluids present in _the strata

Inteqr Ity of cemented intervals

Integrity of steel ¢asing in the well

Presence and signlficance of leaks through the annylus outside the casing
and through the formations close to the well.
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4:5 - 4:7

4:6

4:7

Some logging tools yield useful information only in open (uncased) holes;
others only In cased holes; a few in both open and cased holes.
Electric logs, borehole caliper logs, and density logs are Iimited Yo
open-hole conditions, because any casing present in the hole would shield
the tools from required contact with, or effect of, the rocks. Cement
bond, casing, and radioactive tracer logs are used only In cased holes.

Radicactive (gamma and neutron) and temperature logs can be used in
either open or cased holes.

Many logging techniques require circulation of drilling or workover
fluids prior to logging; some can be run in dry holes.

Some logging tools are not suitable for use In conductive fluids
(drilling mud, brine, etc.), while others are adversely affected by
nonconductive fluids. With the proper selection and use of logging
equipment temperature, pressure, resistivity, flow, depth, hole size, and
|ithology can all be measured or described. Some parameters must be
calculated or Inferred from logs. For example, no logging method can now
directly measure permeability, extent of rock fracturing, or mechanical
properties of formation rocks.

Well logging can be divided into five general categories: Iithologic,
electrical, radioactive, acoustical, and speciallzed. The methods, with
their applications, are shown in tabie 4.1. Well servicing companies
have different +trade names for equivalent types of geophysical logs (see
table 4.2).

Lithologic Logging

Many formations can be Identified by examination of samples retrieved
during drilling.

Rotary drilling provides continuous formation samples obtained as
cuttings. A sample or mud log Is a continuous description of the
geologic character of each stratum and the depth at which each change
occurs. It may also include drilling times and gas content of the mud.
ldeal ly, representative samples should be collected at measured depths
and at such intervals as will show the |ithologic character of the
formations penetrated.

Electric Logging

Electric logging is a process by which electrical measurements provide
data on the formations penetrated by the borehole. The principal
downhole measurements made are voltage and resistance. These electrical
properties are measured by lowering a tool Iinto the borehole and
recording spontaneous potential (voltage), resistivity, and the Inverse
of resistivity: conductivity.

4 - 12



TABLE 4.1 - WELL LOGGING METHODS AND USES

Method Formation Physical Fluid | Well Construction
Type Identification Formation* Flow
Characteristics Influencef{ Evaluate
Lithologic
Coring
Mud Log ]n“““‘#“““‘J M
Cuttings Samples S, W WA W W W . WA
Electrical
Resistivity e e e e ———————————] j——
Spontaneous Potential S —_—— —
Radioactivity
Natural Gamma Ray A - -
Gamma—-Gamma (Density) hwmwmwm e wn wawn wse— j—
Neutron WA WA WA WA WA WA WAL ¥ —
Radioactive Tracer
Acoustic
Cement Bond
Sonic Logs A W W W W WA WA W \mwmwwmmewew
Visual
Downhole Televiewer WA WA VA WA W W W hwh W W
f =
Specialized
Temperature W Y W - -
Directional Survey B n‘—‘-f-‘-“i
Caliper S8R 8 N
| Flow Meter MMM WmwmWmwmmnwy | S|
Casing-tollar Locator I
Casinp~laspection Loy
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4:7 - 4:10

4:8

4:9

4:10

The resulting resistivity helps to identify rock types (clay, sand,
| Imestone, etc.) and detect the presence of water and hydrocarbons.

Sel f~potential (SP) can reveal large changes in Total Dissolved Solids
(TDS), for example, from fresh water to salt water or brine. It can,
under certain conditions, help to confirm conclusions drawn from the
resistivity curve. Both curves are useful in locating the depths at
which changes iIn formations occur, and can be used to verify depth
measurements and other Information reported by the driller.

A more detailed description of electric logging Is found in appendix C.
Radloactivity Logging

Common to all radiation logging devices Is some means of measuring
radioactivity In the borehole. The radioactivity may be either natural
or Induced, or It can result from Injection of an isotope used as a
tracer. Because certain types of radioactivity are very penetrating,
these radioactivity logs can be used In cased holes.

A natural radlation log measures gamma radiation produced by decay of
uranium, thorium, or potassium contained In the formation., This log may
also be used to detect a radioactive tracer; however, the chief use of
natural gamma logs Is to identify the Iithology.

There are many other types of radioactivity logs; however, those most
common|y used are natural gamma, gamma-gamma, and standard neutron.

Acoustic Logs

An acoustic-veloclty log is a record of the transit time of an acoustic
pulse through a fixed length of rock or casing paraliel to the borehole
between transmitters and receivers in a logging sonde. The chief uses
are for determining porosity, Identifying fractures, and evaluating the
cement bond between the casing and the formations. See Cement Bond Log,
appendix C. Some of the more common acoustic logging tools which have
received wide use and acceptance in downhole acquisition of data are (1)
cement bond, (2) borehole compensated sonic velocity, and (3) the sonic
televiewer,

Temperature Log
Gives a continuous record of temperature immediately surrounding a sensor

in the borehole. This log can also be used to detect movement of fluids
behind casing and to detect the top of a recently placed cement column.
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4:11

4:11

4:12

4:13

4:14

.o

4:15

4:16

- 4:16
Directional Survey

Provides information on borehole slope and direction and establishes
bottom~hole location in relation to the surface entry point.

Caliper Log

Provides a continuous measurement of borehole or casing diameters.
Fluid-movement Logging

Measures naturally or artificially Induced fiow within the borehole.
Casing Col lar Locator

Accurately locates well casing collars and perforations in a well.

Casing Inspection Log

Used to detect plpe corrosion.

Well logs can be interpreted to determine [ithology, porosity,
resistivity, density, and moisture content of fluid-bearing rocks. Well
logs can also permit a valld quantitative Interpretation of reservoir
characteristics. Logging programs allow the evaluation of well
construction and fluid-flow conditions within the well. Orlginally
deveioped for the detection of hydrocarbons, today's logging methods are

applied to all classes of injection wells,

Witnessing Wire—-line Logging — Procedural ChecklIst
Obtaln construction detalls of the well., These will Include the

fol lowing:

1. Wel | name and number

2, Well location

3. Elevation of dril!l floor, or reference polint
4, Hole dlameters and depths

5. Casing Information

6. Mud characterlstics, Includling type, lost circulaticn, viscoslity,
fluld welght, fluld loss, filter cake, and pH

7. Hole condltions, including overslzed hole, deglegs, tight spots, and
devliatlion records
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4:16 - 4:17
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Verify that the details on the log headings are correct and that any log
faults that would affect log Interpretation and that are not rectified at
the well site are Included in the "Remarks" section,

Check the depth and register of logs. The casing shoe may be used as a

reference point. Any disagreement between driller's depth and maximum
logging depth should be reconciled immediately.

Ver1fy that the correct speed and time constant are being used. A gap

appears in the |ine at the margin of track one, or once per minute, so
logging speed can be checked for conslistency and correctness.

Yerjfy that the time constant js recorded In the log heading.

logs are run on 1:200 and 1:500 scales,

Tell the operator how many field prints are required.

Check the general character of the logs:

1. Logs should be run on one scale, or a backup should appear

2. Cyclic variations, zero values, and constant readings should arouse
suspicion

3. Be suspicious of logs that constantly peak or level out at less than
full-scale deflection

4, Look especially for events that demonstrate the range of response of
the tool, e.g. high=and low-porosity beds, shales, salts, anhydrite,
and washouts

Request detaiis from the logging company on the qual ity assurance/quality
control checks run on the tool prior fto beginning the log run.

Cementing

Primary cementing of Injection wells Involves pumping a cement silurry
down through well casing. Pump pressure forces cement out from the
bottom of the casing, and then upward Into the annular space outside the
casing wall. This Is the preferred method of primary cementing. (The
practice of dumping cement down this annulus on top of a packer Iis
unacceptable.)

The number of cementing operations and the total length of each cement

column varies somewhat by well class (see figure 1.1 for typical
examples),
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4:17 - 4:18

4:18

After cement is displaced through the casing, pumps are shut down and
cement outside the casing string Is allowed to set. Primary cementing
restricts fluid movement between downhole formations, and protects and
supports the casing. Secondary cementing refers either to remedial
attempts to complete an Inadequate primary job, or to seal off a
particular injection zone without abandoning the entire well. "Squeeze
cementing" is a common term for secondary cement jobs that isolate
particular zones.

Desplte precautions, loss of circulation may end any cement job
prematurely. This Is usually caused by weak formations ("thief zones")
Into which a large portion of the cement flows., When cement falls to
return to the surface, a temperature log and cement bond log should be
run to locate the top of the cement. |f the bond log indicates that the
injection zone was not safely Isolated by the primary cement job, then it
will be necessary to perforate the casing and squeeze cement through the
perforations to complete the job. Another way is to cement directly into
the unfilled annulus through a small work string (sometimes referred to
as a tremie pipe); however, this method may be effective to depths of
only a few hundred feet.

For more Information on the technical aspects of cementing, refer to
appendix D,

Witnessing Primary Cementing - Procedural Checklist

1. Check cement volumes against Integrated caliper log If calliper log
has been run, Otherwise, be sure the volume to be used Is based on
gauged hole size, plus a safety factor for hole enlargement.
Request several samples of cement for later analysls

2. Check preflush and spacer voclumes

3. Check actual number and placement of centrallizers against
requirements

4, Note if casing Is rotated or reciprocated durling cementing

5. Observe mud returns durlng cement displacement to detect return of
preflush and cement at the surface (very Important). Items to watch
for are color change, odor, pH change, Increased funnel viscosity,
and density (using a pressurized mud balance), Record time and
cement volume pumped when cement returns are cbserved

6. Witness bumping of top plug (moment top plug lends on bottom plug,
shutting off flow). Record time, dlsplacement volume and pressure

~1i
.

Note If casing is open or closed during "waiting~on-cement" (WCC)
time. Holding pressure on the Inside of the casing during the WOC
per locd can produce a mlcroannulus at the casing-cement interface.
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4:18 - 4:20
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19

20

8. At end of job, run material balance on water and cement used *o
confirm that cement was mixed as designed

9. Get copy of cement service company's field report from
owner/operator at end of job

Injectivity and Aquifer Testing

Permeability, thickness, and porosity are important aqulfer properties
upon which groundwater reservoir calculations are based. These hydraulic
properties may be determined by means of injectivity and pumping tests.
The effects on a reservoir from pumping or injecting at a known rate is
measured in the subject well or in other (observation) wells penetrating
the reservoir. Graphs of pressure buildup (or drawdown) versus time
during pumping or injection operations are used to determine hydraulic
properties of a reservoir.

Bottom hole pressure tests are conducted immediately after well
completion to establish the initial reservoir pressure before injection
operations commence. This may be done with one of various types of
downhole pressure instruments which are run on an electric line or
wireline. A less accurate method Is to measure the depth to the fop of
the fluid in the well and calculate the hydrostatic pressure at the
bottom. |f a bottom hole pressure determination is made by the latter
method, the wellbore fluid must be of known, uniform density.

Injection or production tests conducted prior to putting a well into

operation can provide a fair estimate of formation properties. Because
of the transient state of a reservoir during the early part of an
Injection test, Interpretation of test results from short tests may be
misleading. Injectivity tests conducted later in the injection operation
when steady-state conditions have been achieved are more rellable.
Average reservoir pressure, permeability and reservoir volume can be
determined from pressure decay or falloff data measured in the shut-in
well following steady-state injection.

Injectivity tests should continue for sufficlent time to insure that
steady-state conditions are approached In the reservoir. The well Iis
then "closed In" for a pressure decay test. Bottom-hole and surface
pressure are recorded during the flow and shut-in periods.

Witnessing Injectivity Tests - Procedural Checklist

T je m Is kept as nearly constant as
possible throughout the test. Character of the injected fluld should not
change.

Note variatio re e
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4:20

4:21

4:22

= 4:22

Note if there are other pumping or injection operations tapping the same
injection zone and close enough to affect test results.

N jecti star en it e ; also note time when test
ends.

Other Preoperational Inspections

T _on eline a in new Injection areas. Various reporting
forms have been developed and used by EPA for wel| inventory and database
development.

Obtain formation water samples and analyze for common anions, cations,
and TDS. For a field of wells completed to similar depths only
representative samples should be required.

Obtain a copy of the analysis report If cores are taken from the
Injection and/or conflining zones. For a field of wells completed to
similar depths, only representative coring should be required.

Request corroslon data from a representative wastewater sample for Class

| well projects.

Compi lance Veriflication

A set of unique permit conditions is established durlng the permift
appl ication process for each Injection well to maintaln the integrity of
that well and to protect underground sources of drinking water. The
owner/operator Is required to operate the facility in strict accordance
with these permit speclflcations. Fallure to do so constitutes a permit
violation and the facillty is considered to be in a state of
noncompl lance. For example, the operator Is required to Iimit the
Injection pressures strictly to that specified In the permit. Injection
of any fluid at a pressure In excess of that authorized by the Agency
constitutes a permlt violation and the facillity Is no longer In
compl lance.

The permit outlines certain monitoring and reporting requirements. Among
these Is a description of the required monitoring program -- what is To
be monitored; how; how often; and with what precision. [t may be
necessary to detall the installation and maintenance of monitoring
equlpment. The permit must clearly state the reporting requirements.
Reporting and monitoring requirements may vary with well classification.
When monlitoring forms or reports show permit violations, the regulator
should examine facillty monitoring records for trends, and should study
future reports for further violations and trends. Obvious violations or
unfavorable trends call for an Investigatlion by the Inspector. The
Investigation, if it confirms a violation, may require enfcrcement
actlon,
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4:22

Compl iance inspections resulting from reported violations or the
discovery of unfavorable trends will Include visual inspection of the
facility and review of well records. Sampling of the injected fluid may
be included to determine compliance with the permit or well
classification,

In the conduct of inspectlions to verify compliance with UIC permit and/or
regulatory requirements, the inspector must ensure that the information
Is collected In such a manner that It is admissible as evidence in any
Judicial enforcement action. To ensure this admissibility the Iinspector
must:

Select the Inspection target using a neutral administrative scheme.

Neutral selection of inspection targets is only required for facilities
where the Agency does not have reason to believe that a violation has
occurred or is occurring.

Gain admittance fo the facllity legally. That Is, Inspect the facility
at a reasonable time (generally during normal operating hours) and
present the required written inspection notice Section 1445(b)(1) SDWA
and appropriate credentials to the person authorized fto consent fto the
Inspection.

Examine surface Iinstallations for apparent violations of permit
conditlons, In general, he should look for signs that:

1. The present installation design differs from that shown in the
application for permit

2, The facllity is not being operated as permitted, for example,
Injection pressure exceeds that authorized, or rate of injection is
greater than that authorized

3. Records of wastes injected show unauthorized fluids are being, or
have been, injected

4, There have been leaks or discharges to the surface (to ground
surface, pits, ponds, water courses, drainage difches, etc.)

5. There Is rust or corrosion, or lack of general maintenance
(tubrication, cleaning, painting)

6. The facilities are not adequately protected from vandalism, fire,
accidents, or sabotage

r m e C tative. All samples must be col lected
using EPA-approved sampling procedures and containers and preserved
according to laboratory recommendations. Quallty assurance procedures
should be followed in all cases.
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4:22 - 4:24

4:23

4:24

e e 1 tor I in=of-
custody procedures (see appendix A). The Agency must be able to document
that the samples reached the laboratory within recommended holding times,
and without tamper ing.

re e i 1
documented. All observations should be recorded in a bound notebook in a
clear and concise manner, |[f information is obtained from employees of
the facility, the name and title of the employee should be recorded.

Ensure that all vielations are cleariy and specifically documented.
1f asked to |eave, do so. Then telephone the appropriate Regional

enforcement attorney for Instruction, in accordance with procedures
outlined in chapter 3,

The Inspector should be aware that fleld Inspection is generally not
appropriate as a sole or final Agency response to a violation. Other
actions which may be approprlate are Included In table 4.3, A number of
these responses must be initiated at either the State, Regional or
Federal offices and require approval of the appropriate official(s).
Examples of situations and thelr proper responses have been included in
appendIx E.

MECHANICAL INTEGRITY (MI) TEST INSPECTIONS

Mechanical Integrity (M!) Inspections are expected to be a major activity
of Inspection teams. Several test methods are approved under the UIC
regulatlons to determine Injection well Integrity. The particular method
employed 1Is related to well construction and the detection sensitivity
requlred. Special techniques have been proposed for determining the
integr ity of certain Class || wells that do not have protection casing.
The Ml tests described In thls chapter are elther speciflied by the EPA
(section 146.08) or are available for use as alternative methcds upon
approval by the Director.

Mechanical Integrity test inspections of Class || wells are fo be run on
a 5-year cycle with priority levels assigned to wells according to
Reglonal guldel ines.

Ml Testing Procedures

By current legal deflnlition there are two aspects to mechanical integrity
as explalned In 40 CFR 146.8. First, en Injectlion well has mechanical
Integrity If there Is no signiflicant leak in the casing, tubing or
packer(s) and there Is nc signiflcant fluld movement Into an underground
source of drinklng water through vertical chennels adjacent tc the well
bore (§146.8(a) (1) and (2)). The first requirement Is referred 1o eas
"Internal" M| and the second Is referred to as "externai" MI,
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TABLE 4.3
POSSIBLE APPROPRIATE RESPONSES TO VIOLATIONS
Telephone call {(must have appropriate documentation).

Warning letter tailored to individual operator notifying him/her of the
nature of the violation and required responses (must include possible
criminal/civil liabilities).

Field Inspection (generaliy not appropriate as a final response fo a
violation).

Opportunity for consultation ("show cause"™ meeting) which provides the
violator a chance to ask questions of the agency and get Information,

Formal request for information (may Incliude new information, mechanical
integrity test, monitoring, etc. - see §144,27). Note: Owner/operator's
fallure to respond to this request results in autamatic termination of
authorization by rule, (§144.27[c]).

Request for permit application (§144.27; 144.12[c] or [d]). Note: When
§144.27 information request authority Is not appropriate, the §144.25
authority can be used to terminate authorization by rule If the permit
application Is not submitted In a timely fashion, or if the permit Is
denled.

Inftiate permit modification, alteration or termination or impose or
modify a compliance schedule.

Issue Administrative Order to owner or operator of a Class V well
requiring such actions as may be necessary to prevent primary drinking
water standard violations or to prevent contamination which may otherwise
adversely affect the health of persons. (§144.12[c]J[2]).

Commence bond forfeiture or utilize other financlial mechanisms to plug
the wel I,

§1431 SDWA Administrative Order or, where well Is injecting solid or
hazardous waste, RCRA, §3008 or §7003 Administrative Order (or where
approprlate, a CERCLA §106 Administrative Order).

Issue Admninistrative Order.

Referral to State AG/Department of Justice (DOJ) (Clvil or Criminai).
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4:25 Internal Mechanical Integrity

4

26

Internal Ml is to be demonstrated, in most wells, by elther monitoring
pressure in the space between the casing and tubing (the annulus) or by
conducting a pressure test with liquid or gas In the annulus and
mon Itor Ing for pressure losses or gains. This Is possible only in wells
whose annull are sealed at the top and at the bottom. Some wells operate
with fluid seals instead of a packer. These wells cannot be pressure
tested, thus requiring careful monitoring of the annulus pressure at all
times. In some areas of the country, alternative procedures for
demonstrating Internal Ml In certain Class Il wells may be necessary
because of well construction features. Some of these wells have "open
hole" completions, that is, are uncased below the surface casing depths.
There Is, therefore, no closed annular space between the protection
casing and the Injection tubing which may be pressurized. Methods for
testing these Class Il wells are discussed In sectlon 4:32. The
procedures that follow apply to cased wells with packers and wel lhead
seals.

Internal Ml (Static Pressure Test)
Determine the welght, in pounds per gallon, of the annulus fluid.

Determine the weight, In pounds per gallon, of the Injection fluid (in
the tubing).

(1)_greater than the formation pressure at all depths and (Z) greater
than the hydrostatic pressure in the tublng. That is:

PA/S + 0.052 (NAF)(D) > 0.433 (S.G.) (D)

Ppjc +0.052 (W, )(D) > (0.052) (W) (D) + Prgyq

A/S

pA/S - annulus pressure at the surface, psi
PTSI/S - tubing pressure, shut-in, at the surface, psi
WAF - welght of annulus fluid, pounds per gallon

”Iy - weight of Injectlon fluid, pounds per gallon
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D - depth to packer, feet
S.G.* - specific gravity of formation fluid (unitless)
The constant, 0.052, converts pounds per gallon to psi, and 0.433 is the

approximate pressure gradient for fresh water that converts feet of fresh
water to psi.

*
Specific gravity can be approximated using the total dissolved solids
(TDS) oontent of the fluid. For example, a formation fluid having a
100,000 TDS content has 100,000 mg/l TDS.
This reduces to:

100,000 mg/1,000g = 100g/1,000g
The total weight of the fluid, including the weight of solids, would be:

100 g + 1000 g = 1100 g

Speciflic gravity is the welght of a volume of fluid divided by the weight
of an equal volume of water:

S.6. = 1,100g/1,000g = 1.1

For example, If the well has a packer at 3000 feet with a 10 ppg annulus
fluid and 8.5 ppg tubing fluid with no surface shut-in pressure and the
formation fluid has 100,000 TDS, then the necessary casing pressure must
satisfy:

PA/S + 0.052(Wye) (D) > 0.433(S.G.) (D)

PA/S + 0.052(10 ppg) (3000 f+) > 0.433 psi/ft (1.1)(3000 ft)

PA/S + 1560 psi > 0.476 psi/ft (3000 ft)

PA/S + 1560 psi > 1428 psi

and

PA/S + O.O52(WAF)(D) > 0.052(W ) (D) + PTSI/S

PA/S + 0.052(10 ppg) (3000 f+) > 0.052(8.5 ppg) (3000 ft) + O
PA/S + 1560 psi > 1326 psi

4 - 28



4:26 - 4:27

4:27

In this example, both conditions are satisfied, as long as PA/S > 0, and
the test may proceed.

Determine Tvpe of Packer

If the packer In the well is a compression set packer (that is, tubing
weight is placed on the packer to effect a seal), then additional annulus
pressure will tend to effect a better seal. However, a tension-set

packer (tubing tension needed to effect a seal) will tend fo unseat
Itsel f with increased annulus pressure.

The original tubing tension at the time the well was completed will
determine the possibility of unseating. The owner/operator may decide
the proposed test pressure is unsafe. |f he so decides, then an
alternate test procedure Is given in the next Section.

Check to be syre the annulus _Is absolutely full of liguid. Air bubbles
will sometimes dissolve in the annulus during testing, causing a change
In the shut-in pressure.

Apply the pressure test for 30 minutes. The well can be said to have
internal M| If the total change in pressure falls within the acceptable
range for that facility as established by the State or Region. Slight
pressure decreases may be the result of an air bubble; or perhaps
temperatures In the well bore have not stabilized. If the pressure
change exceeds the acceptable level, repressure the annulus and monitor
again. [f, during this second test, the pressure again decreases by an
unacceptable amount, a leak is probable.

Initial pressure increases are also possible, but they should not
continue. For instance, the heating of the pressure gauge Itself by
sunlight might cause small errors in readings.

Internal MI (Dynamic Test) -- Procedural Checklist

Londuct a dynamic test (one conducted while injecting) If the Injection
well can not be tested statically following the above procedures. The
most dependable method for a dynamic test calls for the use of continuous
monitoring charts taken over a perlod of time (usually seven days), and
will include a continuous record of tubing injection pressure and casing
annulus pressure,

Be aware that contlnuous monitoring charts will, unfortunately, reflect
annulus pressure changes caused by Injection pressure changes and
injection temperature changes in addition to leaks. These ancmalies must
be ldentified and adjusted for to avoid missing possible {eaks.
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Maintain the annulus pressure so that the hydrostatic pressure in the

annulus at any depth is greater than both formation pressure and tubing
hydrostatic pressure. (The case where annulus hydrostatic pressure is
not greater than tubing hydrostatic pressure will be addressed under [tem
D, below. The formation pressure at any depth is given by:

Pem = 0.433(S.6.) (D)

where: Pc, formation pressure, psi

S.G.

specific gravity of formation fluid

D

depth, feet

The tubing hydrostatic pressure at depth is given by:

P

) D
1p = 0-052(W ) (D) - P 0),p

Fr 100 I/S

where: W, = weight of Injection fluid, ppg
D = depth to packer, feet
Per = frfcflonal pressure loss per 100 feet (see figure 4.3),
psi
PI/S = surface Injection pressure, psi

The annulus hydrostatic pressure at depth is given by:

where: WAF
Pass

weight of annulus fluid
surface annulus pressure, psi

For exampie, if a well has a tubing Injection pressure of 1100 psi, a 2
bbls per minute flow rate in a 2-7/8" tubing, a packer at 4000 feet, 10
ppg water annulus fluid and a minimum surface pressure of 600 psi (as
recorded on a continuous recording device), then the following conditions
exist:
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Formation Pressure (for a formation fluid with a 100,000 TDS content):

n

Pey = (0.433)(S.6.) (D)

1}

(0.433 psi/ft)(1.1) (4000 f+)

"

1905 psi
Frictlonal pressure drop, Prr (from figure 4.4), is 2.5 psi/100 ft+. for 2

bbls/min. so the total over 4000 feet of depth Is:
D) _ .y (4000 ft) _ :
Per 100 - (-5 PsT) (qgp gy = 100 psi

Tubing hydrostatic pressure:

Prp = 9.052 () (D) - P, DL p

IF FR 100 ~ "1/S
= 0.052(9 ppg) (4000 ft) - 100 psi + 1100 psi

= 2872 psi

Annulus Pressure:
Pap = 0.052(Wpp) (D) + Pa/s
= 0.052(10 ppg) (4000 ft) + 600 psi
= 2080 psi + 600 psi
= 2680 psi

The above example concludes that the surface annulus pressure is too low
to prove MI since the relationship

Pap > P1p

must be maintained. Approximately 200 psi additional annulus pressure
would result In hydrostatic pressures being equal at the packer.
Consequently, an addlitional 200+ psi annulus pressure would be
recommended. That Is, annulus pressure In excess of 800 psi should be
used In the above example to prove M| from continuous monitoring records.
If thls annulus pressure [s unacceptable for any reason, the following
alternative test procedures should be considered.
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Where annulus hydrostatic pressure does not exceed tubing hydrostatic

pressure, the annulus hydrostatic pressure must at least be greater than
the formation pressure to be sure there are no casing leaks. That is,

Pa/s * 0.052(Wpp) (D) > (0.433)(S.6.) (D)

where: PA/S = surface annulus pressure, psi
WAF = annulus fluid weight, ppg
D = depth to packer, feet

S.G. = specific gravity of formation fluid
Once this criterion Is met, the tubing can be tested for |eaks.
If the tubing hydrostatic pressure is greater than the annulus
hydrostatic pressure both at the surface and at the packer, then it is
normal ly greater at every depth.

This would prove the integrity of the tubing since, if a leak did exist,
annulus pressure during injection would rise. Therefore:

and

P1/s + 0.052(NIF)(D)-PFR(D)/100 > PA/S + 0.052 (WAF)(D)

where: PI/S = surface injection pressure, psi
Ppa/s = surface annulus pressure, psi
Wig = injection fluid weight, ppg
Wap = annulus fluld welght, ppg
D = depth to packer, feet
PFR = frictional pressure loss per 100 feet (see
figure 4.4)
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In the previous example of the well Injecting 2 bbis per minute, we see
that

PA/S + 0.052 (WAF) (D) > 0.433 (S.G.) (D)

PA/S + 0.052 (10 ppg)(4000 ft) > 0.433 psi/ft (1.1) (4000 ft)

or
600 psi + 2080 psi > 1905 psi

That 1s, the annulus hydrostatic pressure exceeds formation pressure af
any depth. Also, looking at the tubing hydrostatic pressure, we have

> P

P1/s A/S

1100 psi > 600 psi

and

P + 0.052 (W

IF FR(D)/lOOO > PA/S + 0.052 (WAF)D

1100 psi + 0.052 (9 ppg) (4000 ft) - 2.5 psi/ft (40 ft)
> 600 psi + 0.052 (10ppg) (4000 ft)
1100 psi + 1872 psi - 100 psi > 600 psi + 2080 psi

2872 psi > 2680 psi

This shows that tubing hydrostatic pressure exceeds casing hydrostatic
pressure by approximately 192 psi. A pressure differential of this
magnitude is a good indication that no tubing leaks exisft.

in case none of the above techniques proves mechanical integrity, another
test can be run. Either ralsing or lowering Injection or annulus
pressure will set up a new set of condltions. [f changing either does
not affect the other, M| has been proven.

It should be apparent from the above that M| testing procedures may have
to be adjusted to fit particular situations,
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4:28 External Mechanical Integrity
4:29 Geophysical Logs

Two geophysical logs have been designated as acceptable under 40 CFR
146.08 to determine the absence of fluld movement behind the casing
(external Ml), These are the Noise Log and the Temperature Log. Their
interpretations, applications and |imitations are discussed below. An
additional method for proving external M| that may be used In conjunction
with the above methods but Is not required under 40 CFR 146.08 is the
radioactive tracer survey. This method is discussed further in section D.

The Nolse LQg

The Noise Log Is used to determine mechanical Iintegrity of Injection
wells by measuring and analyzing nolse generated downhole by flowing
lfquids (or gases).

This tool records sound ampllitude and frequency levels versus depth to
produce a log capable of fracing a channel flow pattern. In addition,
the tool [s normally capable of discriminating between single phase (all
IIquids or all gases) and two-phase (liquid and gas) flow. In Injection
wells the flow will almost always be single phase (liquid).

The ampiitude profile Is a measure of the amount of nolse generated by a
flow which In turn is proportional to the volume of the flow and the
pressure differential acting on the flow. The greatest pressure
differential occurs at the point of escape of the flow (i.e., the
difference In pressure between the channel and the formation accepting
the flow). The Noise Log shows these differences in pressure as peaks.

The frequency range of the Noise Log Is about 200 to 6000 Hertz (Hz). It
is registered on the log as amplitude at various frequency levels. The
frequency levels reflect the pressure differentials described above. The
greater the pressure difference, the higher the frequency level.

Figure 4.5 Illustrates high-rate channeling In an injection well., High
injection pressures are forcing fluid through a cement channel into
receptive upper sands (B-1, A-3, A-2). Note also that the 200 Hz
amplitude curve varies from a minimum of 4 mv below 6100 feet (the no-
leak level) to a maximum of 1000 mv at 5870 feet where there Is an
apparent obstruction in the channel behind the plpe.

The four traces represent sound intensities (in millivolts) for the four
frequencies used - 200 Hz, 600 Hz, 1000 Hz, and 2000 Hz. The 200 Hz
curve represents all frequencles 200 Hz and higher, the 600 Hz all
frequencies 600 Hz and higher, and so on.

Where the |ines come close together (as at 5870 feet and 6800 feet),
there is a single phase flow (all gas or all liquid); where the
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separation Is substantial (as at 5800 feet), there would be two-phase

(gas and liquid) flow. In most Injection wells the single phase flow
would, of course, be |lquid.
The Temperature Log

Temperature log surveys are used to locate cement tops, tubing or casing
leaks, and channeling behind casing. This log measures well temperature
variations that are dependent on volumes of materials, rate of fluid
movement, temperature differences between the media, and length of time
that heat transfer has taken place.

In locating cement column tops, temperature surveys are run approximately
6 to 12 hours after a string of casing has been cemented. During the
setting process the cement gives off heat. The femperature log records
this heat wherever there Is cement column outside the casing (see figure
4.6).

Tubing or casing leaks can be confirmed and pinpointed by temperature
logging. Fluld entering or exiting a point in the well should result In
a detectable temperature change. The resulting temperature profile is
then compared with an assumed or normal temperature gradient for the
well. Examples of these types of situations are illustrated In figure
4.7.

To detect channeling behind the casing, static conditions In the well are
needed. A flowing well cannot be studied with a temperature log because
the log would record only the temperature of the flowing fluid.

Limitations of Nolse and Temperature Logs

The Noise and Temperature Logs are potentially useful In all classes of
injection wells., However, certain constructicn detalls may affect their
usefulness:

1. The well must have casing

-~

Z. The amplitude of the Nolse Log may be affected by different
constructlon materials

3. In many cases, before running either log, the Injection tubing must
be removed from the wel |

4, The larger the diameter of the well the less reliable the
Temperature Log

5. Temperature Logs may not be very relieble at shallow cepths (less
than 1000 f1)
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INCREASING DEPTH OF WELL

EXAMPLE A EXAMPLE B

EXAMPLE C
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EXAMPLE A - NATURAL GEOTHERMAL GRADIENT AS MEASURED IN A STABLE WELL

EXAMPLE B - TEMPERATURE ANOMALY SUPERIMPQOSED ON GEOTHERMAL GRADIENT
INDICATIVE OF DOWNWARD FLOW THROUGH A CHANNEL BEHIND THE WELL CASING

EXAMPLE C - TEMPERATURE ANOMALY SUPERIMPOSED ON GEOTHERMAL GRADIENT
INDICATIVE OF UPWARD FLOW THROUGH A CHANNEL BEHIND THE WELL CASING

Figure 4.7 Temperature Lo Showing Flud Loss
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4:30 - 4:31

4:30 Application and Interpretation of the Radioactive Tracer Survey (RATS)

4:31

In cased injection wells with tubing and packer installed, it is possible
to conduct a Radioactive Tracer Survey (RATS) in addition to running a
Temperature or Noise Log. The RATS has been approved as an alternative
MI test; however, there are limitations on Iits use described in the
Federal Register approval notice (see FR 52, 237, pp 46837-38, December
10, 1987).

The RATS is run using an ifodine Isotope solution. Radioactive iodine has
an 8-day half-life and decays "totalliy" within 30 days. The survey Is
carried out as follows: (1) The Gamma Ray tool 1is run through the
tubing, from total depth up past the zone of interest, to get a
"background™ log; (2) The radioactive solution is introduced into the
injection fluid elther at the surface or directly from the logging tool,
as Injection proceeds; (3) the Gamma Ray tool moves through the zone of
Interest several times In order fo "track" the radiocactive soluticn (a)
in the tubing; (b) In the wellbore below the packer; (c) into the
Injection Interval; and (d) (If external M| has failed) In the channel
outside the casing.

While conducting the Radioactive Tracer Survey, fluld is pumped Into the
well at a rate slightly above that for normal operating conditions. One
repeat run of the Gamma Ray log Is obtained over the Injection interval
and Immediately above thls section. If no change in Gamma Ray count
above the top of the disposal Interval 1is detected, then no external
migration of Injected fluld Is occurring. Speclific guldance for running
RATS Is Included in appendix C.

The Radloactive Tracer Log In figure 4.8 indicates a leak in the casing
and fluld movement In a channel behind the casing. Note that the log run
after injecting radioactlive material is superimposed on the base log.

To avold misinterpretation and possible oversight of conditions
indicating a lack of mechanical Integrity, all noise, temperature, and
radioactive tracer surveys should be analyzed by a qualified individual
who has had trainling and experience In well log Interpretation.

Well Record Evidence of Mechanical Integrity

The external M| of Class || and certain Class Iil injecticn weils (see 40
CFR 146.08) may be demonstrated by well records showling the presence cf
adequate cement to prevent fluld migration. (Note: This method may not
be used to prove mechanical Integrity In Class | wells. New Class 1|
wells must have elther a cement bond log, a temperature log, or eén
unfocused density log which defines the condition of cement behind the
plpe. This 1Is In addition to the Informaticn provided by cementing
records. )
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4:31 - 4:32
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Procedure

1. Determine whether adequate cement exists in the well by comparing
the emplaced cement volume with the volume of the space (annulus)
between the outer casing and well bore. The annulus volume is
calculated from the outside casing diameter and a caliper log
reading of the well bore. An adequate cement seal is likely to
exist when the injected cement volume exceeds the calculated annular
volume by at least 20%.

2, Evaluate cement bond logs and temperature logs as an Indication of
adequate cement In the well. Owners/operators should keep records
of these logs for evlidence of mechanical integrity.

3. The cement top In a relatively new shallow well can be located by
dropping a weighted |ine down the annulus space until it contacts a
solld barrier,

The Internal M| of certain Class || enhanced recovery wells can be
demonstrated by the examination of monitoring records. Records of
Injection well monitoring showing the absence of significant changes in
the relationship between Injection pressure and Injection flow rate can
be used to demonstrate Internal mechanical integrity for those Class 11
wells that are completed without either a packer or long string casing
between the surface casing and the Injection zone casing.

Water-in-annulus Test

-1lo= t
Use of the water-in-annulus test is Iimited to exlisting Class || enhanced
recovery Injection wells (exIsting wells are those wells In operation
prior to June 25, 1984):
1. Located In Allegany, Cattaraugus, and Steuben Counties, N.Y. and

Elk, Forest, McKean, Potter, Venango, Warren, and Washington
Counties, PA

2. Injecting through a tubing string the size of which severely
restricts the placement of temporary plugs for pressure testing or
logging

3. Constructed without long string casing due to the competent nature
of the rock In the uncased Intervail

4. Constructed wlith surface casling set through the lowermost
underground source of drinking water

wn
.

Constructed and tested with no obstructicn in the surface casing to
inter fere with the test
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6. Constructed with tubing and packer cemented into the hole
Iimmediately above the Iinjection zone

r r ~-1o- +

The water-in-annulus test as approved under the one year interim
extension consists of the fol lowing procedures:

1. Determine with a verifiable procedure that there are no obstructions
in the annulus to at least the depth of the surface casing seat
which could Interfere with the tfest

2. Shut the well in at least 24 hours before running the test and bleed
of f pressure on the Injection tubing

3. Measure the injection tubing pressure and the existing water level
in the annulus and record the values

4, Fill the annulus between the Injection tubing and surface casing to
the top of the casing and measure and record the water levels for
one-half hour

5. Record the final water level

6. Begin Injection into the well and wait for the pressure to stabilize
before beginning the second half of the test. Record the stabilized
pressure

7. Repeat steps 4 and 5

8. Compare the rate of water level change between shut-in and operating
conditions

lest Interpretation

1. The well has mechanical integrity If there is no change in the water
level In either shut-in or operating conditions or the rate of
change Is less than 2 1/2 feet per one-half hour

2, The well does not have mechanical Integrity If the water level rises
with the well operating, but does not change with the well shut=in

3. The well does not have mechanical integrity if the rate of change Is
less than 2 1/2 feet per one-half hour and I1f that rate of change is
not equal between shut-in and operating conditions (e.g., If the
water level declines 2 1/2 feet durlng shut=in conditions and 1 1/2
feet during operating conditions, the weli fails mechanical
Integrity). The well must be shut-in until a successful mechanical
Integr ity test demonstration Is made

4 - 50



4:32 - 4:33

4

33

4. The well does not have mechanical Integrity if the water level drops
at a rate greater than 25 feet in one-half hour or If the annulus
could not be filled to the top with water to perform the test. Each

*
of these cases requires that the wel! be shut-in unti! a successful

[RER—R=1 L OTS 1 TYuis ©o il [}

mechanical integrity tfest demonstration is made

5. The test s Inconclusive regarding Integrity of the surface casing
if the water level drops at the same rate under both conditions and
the rate of change is between 2 1/2 feet and 25 feet per one-hal f
hour. This result requires one of the following options to be
exercised.

Option 1 ~ Repeat the water-in-annulus test on a quarterly basis to show
integrity of the tubing and packer

Option 2 ~ Show that the water loss Is not due to a leak in the surface
casing by either plotting the water level rate of fall as it drops
through and below the surface casing, thereby Indicating the location of
the leak, or by pumping the water level down to the base of the surface
casing and comparing the rate of fall with the rate of fall with the
annulus filled

Option 3 - Repalr the well by Inserting a liner pipe Inside the injection
tubing on a packer or by filling the annulus full with cement

- Demonstrate mechanical Integrity by one of the other methods
outlined in Part 146.8

Figures 4.9 and 4.10 are forms that may be used to record results of the
water-in-annulus test.

Manifold Monitoring for Mechanlical Integrity Testing

The agency currently contends that Injection wells are to be tested for
mechanical Integrity individually. Avallable evidence indicates a
manifold system Is not sulted to MI testing, but may be used for routine
monitoring In some Class |1 and |1l wells.

This method of M| testing Involves continuous monitoring of the
injectivity of a cluster of wells. Permanent flow rate and pressure
recording instruments are set up at a designated number of manifold sites
where each manlfold supplles a cluster of wells in its area.

Manifold monitoring would at best Indlcate that one of the methods of

mechanical Integrity testing descrlbed In the preceding sections have to
be performed on each well to locate a leak.
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Mechanical Integrity Test Results
Water-in-Annulus Test

Company Name

Lease Name

Wel | Number/Name

Well Shut-In

Date | Casing | Tubing | Shut=-in |Water Level ™ Time Comments
Sizing | Size Pressure | Start| End Start| End

¥ Measured at ten minute intervals

Fiqure 4.9
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Mechanical Integrity Test Results
Water-in-Annulus Test

Company Name

Lease Name

Wel | Number/Name Date
Injection | Water Level Time Test Results| Comments/
Pressure Start| End Start] End {(P/F) Reasons for Fallure

Test Witnessed by

Figqure 4,10
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4:34 PLUGGING AND ABANDONMENT (P&A)

4:35

Proper plugging and abandomment of imjection wells is essential to the
protection of underground sources of drinking water. An inadequately
plugged well could serve as a corduit for contaminants. Inspections are
conducted both during and after a plugging operation to assure a thorough
ard careful campletion of the task. The inspector should be familiar
with the regulations that govern the plugging and abandorment of a well
and the technologies that are involved in well plugging. The remainder
of this section will discuss the legal and technical aspects of plugging
and abandorment.

The Undergrourd Imjection Control program includes regulations (40 CFR
146.10) that are implemented to ensure that abandoned injection wells do
not allow the movement of fluid either into or between underground
sources of drinking water. Specific requirements for the P&A plan,
notice of abandoment, and the P&A report are fournd in 40 CFR 144.28(c),
() and (k). The owner/operator is required to notify the Regional
Administrator of impending plugging and abandorment at least 45 days
prior to such activities in EPA-admninistered programs.

The P&A Program and Well Classification

The operational status of an injection well should be characterized as

one of the following:

1. under construction

2. active

3. tamporarily inactive (shut-in)

4. plugged and abandoned

5. abandoned and not properly plugged

The Abandonment Schedule

Current regulations specify that the time between cessation of operations
ard the actual date of abandorment for Class I, II, and 111 wells not
exceed wwo years (Sec. 144.28). It may be necessary to abandon an
injection well within a determined length of time (less than two years)
to avoid the risk of emwirommental damage. Under certain circunstances
EPA will decide whether to abandon a well immediately upon cessation of
operations.
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The Objective of P & A

The objective of all plugging and abandonment s to restore, insofar as
feasible, the controlling hydrogeological conditions that existed before
the well was drilled. USDW's will be protected when internal and
external M| have been assured.

Major Phases in P&A

An abandomment procedure involves two phases: (1) well preparation; and
(2) well plugging. In many cases, the well can be entered and Inspected
to ascertain its condition. Tubing, packer, salvageable casing, and
other materials should be removed. Remedial activities such as well
cleanout, fishing, milling, or squeeze cementing may be necessary to
ensure well Integrity and the effective placement of the cement plug(s).

Plugging Involves placing cement In a well either over its entire depth

or at a serles of discrete locations. If a series of plugs is set, a
plugging fiuid (generally drilling fiuid) is left in the well between the
plugs. In addition to cement plugs, Class 11l wells can be plugged with

other plugs at the discretion of the Director. Bridge plugs alone are
not allowed., A variety of placement techniques Is avalilable; they
general ly involve pumping the cement through drill pipe or tfubing. P&A
designs are developed by the operator/owner and submitted to the Director
for approval.

Well Abandonment and Plugging

The Influence of Well Construction

Procedures used for proper abandomment of an Injection well depend on
wel| construction -- especially the casing and cementing program and the
completion method. However, some deficiencies can be overcome in the
final preparation for abandonment. |In some cases well preparation

involves Installing a plug inside the tubing near the packer and then
cutting the tubing above the cement plug. The four most common well
constructions are:

1. Open hole with surface pipe not cemented and no protective casing

2. Open hole with surface pipe partially cemented and no protective
casing

3. Open hole with surface pipe cemented to surface and no protective
casing

4, Both surface pipe and protective casing cemented
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Agricultural and Miperal Reserve Areas

Procedures for agricultural areas may require cutting the conductor
casing below plow depth (about 3 feet). Plugs may also be required
across potentially commercial mineral reserves (including oil or gas).

Location of Cement Plugs

In most cases It is not necessary to install continuous plugs. A series
of plugs set across or above underground sources of drinking water,
across or above potential oil and gas producing zones, at the base of the
surface casing, at the surface, and above the packer will be sufficient--
provided the plugs are separated by an adequate plugging fluid (see
figures 4.11 and 4.,12).

Yell Preparation

Review the well construction (fligures 4.13, 4.14 and 4.15) and determine
what changes are required before actually piacing plugs. For example,
conslder a well with insufficlent surface casing, i.e., the casing does
not extend beiow the base of the USDW fresh water. A suitable plugging
design Is that shown In figure 4.14, Study the well dlagrams included In
appendix G, fillustrating some plugging strategies used In Texas. Prior
to plugging, decide where sections of casing should be perforated so that
the open annulus can be squeezed.

40 Corrosion and Mechanical Integrity

Injection well casing and cements are subject to corrosion and
degradatlon by Injection flulds and formation flulds. Corrosion of the
well casing or degradation of primary cement can make successful P&A
difficult. Plugs inside the well casing wiil serve lifttle purpose If
Injection fluids or formation fluids are able to migrate through a poorly
cemented annular space between the casing and the formation.

Stress-Induced Damage and Mechanlcal Integrity

Injection wells are also subject to mechanical stresses -- durlng
Installation and operation -~ that may result in casing damage and
leakage. Deformation of the casing may also occur, Interfering with the
normal function of tcols required In plugging operations.

42 P & A for Class ||{ Wells

Unllke Class | and Ctass |1 wells, Class 11l mlneral extraction wells may
be shallow, and completed In unconsolldated sand and gravel formations;
however, [f the well Is a deep cne, the plugging procedure woulc be the
same as that for Class i1 wells,
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The relative shal lowness and smal | diameter of Class Il wells have
resulted in abandonment practices which typically differ in several
respects from those of Class | and Il wells. Generally, Class Il wells

are easier and less expensive to cement from bottom to top using no
mechanical plug or an inexpensive rubber plug.

Cement Selection for P & A

Selection of the best cement for a plug will depend on well depth,
temperature, character of amblent fluids, and mud properties.
Recommended thickenling time is "job running time" plus one (1) hour -- at

the temperature and pressure conditions for the plug depth. The cement
used should develop a high compressive strength and tolerate mud
contamination |ikely to occur during placement.

For example, Class A cement is often used for Class || wells. This
cement is Intended for use from the surface to a depth of 6000 feet. The
recommended water-cement ratio, according to the American Petroleum
Institute (API), 1s 0.46 by welght (5.2 gal lons/sack). A wide variety of
additives Is available fo altfer the properties (weight, strength,
permeablllty) of the cement and to accelerate or retard Its setting time.

Well Preparation and Plug Installation Procedures

The following is an example of the general procedure used in performing a
P&A program:

Move In workover rlg and remove tybing

Move In a workover rig of a size and power suited to the well depth and
dlameter. Next, remove any Injection tubing In the well. Where there
are tubing and packer, It may be possible to remove both. [If not, set a
plug inside the tubing, at packer depth; then cut off the tubing just
above the packer and remove the tubing from the well.

Clean the hole, if necessary

Subsequent steps depend upon the condltion of the casing. If the well
casing above the cut-off tubing and packer Is In good conditlon, It is
possible to complete abandonment by placing cement plugs at the required
locations.

In some cases, it may be necessary to clean out the hole. This operation
may be quick and easy, or It may be long and arduous. Proper hole
preparation Is Important to ef fective sealing.

Achleve static equllibrlium

After cieaning the hoie, design a mud system and, by circulating ift,
achleve static equllibrium. Indlcators of static equilibrium are the
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absence of mud movement and the exclusion of fluids that might cause
movement. Achieving statlc equilibrium Is important to prevent any
contamination, breakup or dilution of the cement that would produce a
weak plug. In wells under pressure, the mud can be weighted with
additives such as salt, barite, iron oxide or galena; or a blowout
preventer can be used to overcome the pressure. With a blowout preventer
in place, mud can be circulated to static equilibrium.

Clean the casing or open hole surfaces with rotating scratchers:

The flnal step In well preparation Is to prepare the casing wall or wall
of the open hole for cementing. The lower portion of the tubing or drill
pipe that is lowered in the hole to set the plug and cement should be
equipped with centralizers and rotating wall scratchers. The rotation of
the scratchers cleans the bore to improve bonding, allows bypassed mud to
mix uniformly with the cement, minimizes the formation of channels In the
cement, and reduces mud contamination. This tool may be used with a

scour ing chemical wash which will flush the sides of the well.

Install Plugs

The circumstances under which static equllibrium of the mud system was
achieved will control how the plug Is placed. If the mud has been

brought to static equilibrium without the use of a blowout preventer, a
mechanical bridge plug Is lowered very carefully to the desired depth. A
smal |l cement plug Is then spotted on top of the bridge plug. Additional
cement plugs may then be placed at selected intervals, using either the
balanced or two plug method.

With a blowout preventer in place, cement plugs can be set through the
preventer, After the bottom plug has set up, the pressure in the well
can be bled off, |If the pressure falls to zero and remains there, the
bottom plug is good. The preventer can then be removed and additional
plugs set as required.

Common Methods of Plug Installation

Several methods of plug installation are acceptable under the UIC
program. Of these, the Balance Method is the most common. The Cement
Retainer and Two-plug methods can also be used.

The Balance Method of Plug Installation
This technique involves setting a cement plug in the bottom of the casing
or at some other predetermined point that may be above the bottom of the

casing or In the open hole below the casing. The cement slurry Is pumped
down the driil pipe or tubing and back up to a calculated height that
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will balance the cement inside and outside the pipe. The pipe Is then
pulled sliowly out of the cement. When the pipe is a considerable
distance above the top of the cement, it Is cleaned by reverse
circulation.

A smal |-diameter pipe or tubing string is used in order to leave as large
an annulus area as possible outside of the cementing pipe. This will
allow the cementing pipe to be pulled from the well without causing an
excessive drop in the cement or a surge of the cement plug, thereby
decreasing the chance of mud contamination.

The mud system must be in static equiliibrium, as any fluid movement can
cause a poor plug. For a balanced plug job, calculations must be made to
determine cement volumes and heights of fluid. An example of the
calculations involved Is presented In appendix F.

The Cement Retainer Method

This technlque involves the Installation of a cement retainer (packer)
plug within a cased hole. The cement can be displaced through the cement
retainer so that the formations below the retainer can be squeezed wlith
cement. After the cementing of those formations, the cement retainer can
be closed at the bottom and the cement pipe disconnected from the top of
the retainer. Cement then can be placed on top of the retainer by slowly
withdrawing the cement pipe above it.

e Cement s placed below the retainer, assuring an effective plug upon
closing the retainer valve

2. Cement is forced into the formation without subjecting the old
casings to high pressure

3. Good control of the cement is maintalned
4, Gas percolations from the formations up past the retainer are
prevented, allowing the cement to set above the retainer wlithout any

gas diffuslion

5. The pressure test can be carried out immediately after the retalner
Is set

This method I[s one that s highly regarded for placing cement under
pressure Into a producing formation or Injection zone -- through an open
borehole, through casing perfeorations, or through screens.

The Two-plug Method

This method Is used principaiiy In open holes, employing a plug catcher

{figure 4,16) mounted on the bottom of a cementing string or drill pipe.
A bricge plug Is usually first set in the hole at the desired depth
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(bottom of the cement plug). The plug catcher Is designed to permit the
first of two travelling plugs to pass through, and to catch the second
plug =-- the one following the cement slurry. When the second plug lands,
a sudden rise In cement pressure announces its arrival. A latching
device locks the second plug in place and helps to prevent cement from
moving back Into the string, but still permits reverse circulation of
cement and fluids out through the cementing string.

After the cement has been placed, the cementing string is raised so that
the top of the plug can be removed ("dressed off") at the desired height
by reverse circulation.
Central lzers and scratchers can be installed at the bottom of the
cementing string to minimize contamination of the cement and to improve
bond ing.

e - e
1. It minimizes the |ikelilhood of overdisplacing the cement
2, I+ forms a +tight, bhard cement
3. It establishes a definite top for the plug
The two-plug method of plugging Is preferred to the balance method.
Dump Balier Method
This method (fligure 4.17) is avallable for setting plugs In shallow
wells. A wireline truck lowers a baller into the well. Generally, a
bridge plug or cement basket is first placed In the hole at the speciflied

depth. The bailer opens upon contact with the bridge plug and releases
the cement slurry at this location, as it Is ralsed.

Advantages of the Dump Bailer Methed

1. The depth of the cement plug Is easlily measured

2. The cost is low compared with others that require pumping equlipment
Disadvantages of the Dump Baller Methcd

1. It Is less sulted to setting deep plugs

2. Mud can contamlnate the cement unless the hole is clrculated before
dumping (thls Is also true of the balance method)

N
.

There Is a |Imit to the quantity of slurry that can be pieced per
run, and an initiai set may be required betore the next run can be
made
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Table 4.4 presents a checklist that should be heipful in witnessing a
P&A. [f an inspector is available to witness the field procedures, he
may visit the site when events 7 through 11 are being completed.

CLASS 1V CLOSURE

Construction or operation of an injection well to dispose of hazardous or
radioactive water into or above an underground formation which contains
drinking water Is prohiblted under the Safe Drinking Water Act and under
the Hazardous and Solid Waste Amendments (1984) to the Resource
Conservation and Recovery Act (1976, Section 7010(a)). The proper
closure of Class 1V wells is of high priority.

Most Class |V wells differ dramatically in construction from Class | or
Class |1 wells. Some are better described as cesspools or sumps. Some
are uncased excavations varying In surface dimensions and ranging in
depth from 4 to 20 feet. Others are cased, or partially cased, with
large diameter pipe (up to 16") to depths of hundreds of feet.

Plugging Considerations for Class 1V Wells

Because of the varied construction found in Class 1V wells, closure
procedures must be determined on a case by case basis. Pluggling and
abandonment of these wells should be witnessed by an EPA inspector.

The Objective

The plugging operation should eliminate vertical movement of water within
any annular space that exlists, and within the well bore. If artesian
conditions prevall, the plugging must confine the water to the aquifer in
such a way as to prevent loss of artesian pressure and prevent
circulation between two or more aqulfers.

When abandoning a Class |V well every effort should be made to restore
the geologlc and hydrologic conditions that existed before the well was
drilled and constructed.

Well Preparatiop

All materials which may Interfere with the sealling operation must be
removed. If possible, the casing should be removed. If the casing
cannot be removed, It should be torn or perforated to allow the grout to
completely fill any annular space, as well as the Interior of the casling
or bore holes.
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TABLE 4.4
CHECK LIST FOR PLUGGING AND ABANDONMENT

EVENT ACTIVITY

1 Review drilling records and well construction records

2 Review operations history

3 Review regional hydrogeologic data

4 Determine plugging Intervals

5 Determine plug helight and volume requirements for each
plug (refer to Appendix F)

6 Develop preliminary plugging and abandonment plan

7 Provide notice to EPA of intent to plug and abandon

8 Remove tubling, packers, and salvageable casing, as
appllicable

9 Inspect well casings and primary cement for corrosion
breaks and volds

10 Repair and clean out well as necessary

11 Finalize abandonment plan, that Is, make any necessary
mod I fications based on results of Events 8 and 9

12 Establish static equilibrium of plugging fluid, if
necessary

13 Instal | bottom plug

14 Allow cement adequate time to set, If necessary

15 Pressure test plug for baslc Integrity

16 Instal | Intermedlate plugs, as needed

17 Repeat events 13 and 14 for each Intermedlate plug

18 Install top plug, cut off casing 3' below grade,

instal | monument [f desired
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Plugging Materials

Acceptable plugging materials Include cement and, in certain cases, non-
permeable clays. |f a non-permeable clay Is used, it is important that
the predominant graln slize be very small (diameter less than 1/256 mm),
with a very small percentage of particles in the silt- and sand- size
ranges. A quick and practical way to test a clayey material for
significant amounts of siit or sand, is to rub the material vigorously in
the palm of the hand. A gritty feeling indicates the presence of larger
particles.

Cement is an excellent plugging material for Class |V wells. The cement
should be used alone, without any sand or gravel. The use of concrete mix
for well plugging Is discouraged because, when the mix is placed in
water, the coarser sand and grave! materials separate from the mix and
settie to the bottom, forming a permeable zone in the plug.

Plug Placement

Regardiess of the type of material that is used to plug a well, care must
be taken to completely fill the well bore. The easiest way to accomplish
this Is to mix the material with water to the consistency of a heavy
slurry, The material should be Introduced intfo the well at the bottom,
or at the bottom of the Iinterval to be sealed (or filled), and placed
progressively upward.

In preparing a plugging slurry the mixture should be brought to a weight
of about 15 pounds per gallon. Table 4.5 can be used as a gulde in
determining the amount of materlal required to fill most round boreholes
of nominal size. Let us suppose that a well 6 inches in diameter and 250
feet deep Is to be plugged. On the 6 inch diameter line of table 4.5 we
find that +the volume of each |inear foot Is 0.196 cubic foot and that
each |inear foot has a capaclty of 1.47 gallons. Thus, for the 250 foot
well, the volume Is 49,0 cubic feet (0.196 x 250), or a total capacity of
367.5 gallons (1.47 x 250)., If this well were to be filled with cement,
we find that each |iner foot would require 0.18 sack of cement, or a
total of 45 sacks (0.18 x 250) of cement to completely fill the well,

All sealing materials shculd be placed by grout pipe, tremie pipe, cement
bucket or dump bailer In such a way as to avoid segregation or diluticn
of the sealing materials.

If the well Is very shallow and surface dimensions are large, backfillling

with clay using earth moving equlipment may be acceptable. This type of
plugging and abandonment would be similar to closure of an unllined pond.
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TABLE 4.5
CAPACITY OF HOLE

Diameter of Volume per Lin. Capacity per Sacks Cement Lin, Ft. Per

Hole (inches) __ Ft. (cu.ft.) Lin Ft. (gals.) _per Lin, Ft." _Sacks Cement
2 0.022 0.16 0.02 50.25
2.5 0.034 0.25 0.03 32,15
3 0.049 0.37 0.04 22.52
3.5 0.067 0.50 0.06 16.47
4 0.087 0.65 0.08 12.64
4.5 0.117 0.88 0.11 9.94
5 0.136 1.02 0.12 8.06
5.5 0.165 1.23 0.15 6.67
6 0.196 1.47 0.18 5.60
6.5 0.230 1.72 0.21 4.77
7 0.267 2.00 0.24 4.12
7.5 0.307 2.30 0.28 3,59
8 0.349 2.61 0.32 3.15
8.5 0.394 2.95 0.36 2.79
9 0.442 3,31 0.40 2.49
9.5 0.492 3.68 0.45 2.23
10 0.545 4.08 0.50 2.02
10.5 0.601 4,50 0.55 1.83
11 0.650 4.94 0.60 1.67
11.5 0.721 5.39 0.66 1.53
12 0.785 5.87 0.71 1.40
12.5 0.852 6.37 0.77 1.29
13 0.922 6.90 0.84 1.19
13.5 0.994 7.44 0.90 111
14 1.069 8.00 0.97 y.03
15 1.227 9.18 1.12 0.90
16 1.396 10.44 1.27 0.79
17 1.576 11.80 1.43 0.70
18 1.766 13.21 1.61 0.62
19 1.969 14.73 1.79 0.56
20 2.182 15.95 1.98 0.50
22 2.640 19.75 2.40 0.42
24 3.142 23.50 2.86 0.35
26 3.687 27.58 3.36 0.30
28 4.276 31.99 3.89 0.26
30 4.909 36.72 4.46 0.22
%6 7.060 52.88 6.43 0.16

*
Cement calculatlions based on the volume of an average cement mixture belng
1.1 cublc feet per sack of cement,.
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If a clay slurry is used for plugging, at least the upper few feet of the
well should be filled with cement. This will help to prevent thinning of
the mud slurry by surface water and provide a sol id upper surface.

Upper Well Terminus

Cut the casing off below grade if the well Is located in an area where
cultivation or construction is probable. This could be done before
Plugging begins. With the recommended cement plug in place, flll
materlal can then be placed over the well.

EMERGENCY INSPECTIONS

An inspector must be prepared to conduct a facility inspection when an
emergency situation arises. An emergency situation includes any situation
that poses an Imminent and substantial threat to the health of persons or
danger to the environment, The operator may wish to perform a workover,
convert the well(s), revise permit conditions, drill a new well or
conduct an environmental cleanup. These actions require the Issuance of

a temporary emergency permit. nspector hor i T
permits -- written or verbal. Permits can only be Issued, modified,

suspended or canceled by the Director of the UIC Program or his delegate.

Before a temporary permit Is Issued, It is Important for the inspector to
ascertain whether an emergency conditlion actually exists and that the
situation Is not the result of Improper planning and/or noncompliance.
tn addition, the proposed actlon(s) must be carefully examined to assure
that they will not result In movement of fluid into underground sources
of drinking water. It should be emphasized that any permit issuved to
correct an emergency situation Is temporary In nature and that the term
of the permit shal| not exceed the time necessary to prevent or correct
the hazard.

After a temporary permit has been issued, the owner/operator must adhere
to the permit conditions while the proposed action is being performed.
When evaluating the facility to verify the valldity of the emergency or
when conducting an inspection while the proposed action Is being carried
out, the Inspector should keep a detailed Inspection record and should
follow all appllicable protocols as they are outlined elsewhere in this
quidance.

CITIZEN COMPLAINT INVESTIGATION

A complaint of elther noncompliance or groundwater contamination which
has been reglstered by a citlzen, or citlzens group, against an Injection
wel | faclllty requires a response from the Agency. One possible response
Is a site Investlgation of the facility. 'n some cases, the inspector
may have to Inspect other wells In the area, Sampiing of injected
fiuidl{s;, water weiis, and/or surface seeps may be required.
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The inspector should follow the procedures outlined for compliance and
general Iinspections (chapter 2 and sections 2:15 and 2:20) with
appropriate modifications included to allow verification of the citizen's
speciflc complaint(s).
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5 Field Safety

The UIC inspector is required to visit many different types of injection sites
operating under constantly changing conditions. Heavy machinery and tools are
used to perform most Iinjection well construction and servicing, and many times
adverse weather and hostile environmental conditions exist. Fortunately
direct exposure to hazardous situations Is minimal for an inspector. Safety
In the highly competitive well drilling field is, however, often sacrificed
for speed; it then becomes the individual's responsibility to protect
himself. One cannot always rely on the well operator or his contractors to
specify what equipment and precautions are required.

5:1 Personal Protective Equipment

In general, certain personal protective equipment Is always required in
the fleld. This Includes head, eye, and foot protection. Where special
clircumstances warrant, hand and hearing protection may also be needed.
Breathing equipment will be needed by the UIC field inspector when
respiratory hazards are present. Respiratory hazards are characterized
by either contaminated atmospheres or oxygen-deficient atmospheres.

Head Protection

1. An approved helmet (safety hard hat) Is required to be worn by all
Inspectors while within a control area, with the exception of self-
contalned areas such as truck cabs and fleld offices

2. A helmet to protect the head from |imited electric shock and burn

should comply with requirements and specifications set forth in

i N |_St r e ireme rl r ad
Protection, 7Z89.1 - 1969. (Class A helmets are recammended)

3. Employees shoulid inspect and maintain liners in helmets to comply
with standards and they should be worn properly

4. Helmets should not be modiflied In any manner
Prot i

Safety glasses must be worn at all times during field Inspections, and

must meet the ANS| Eve Protection Standard Z87.1 - 1979,

Fopt Protection

1. Safetv shoaes or Safef\/ hante ara

Tread $Aaem
e WA 1A

[ ="a RN RO B T S AP N R P T [
HEE = B b i

3 igs G inspEdh
2. Safety-toe footwear must meet the requirements and specifications In

American NMNatlopal Standard for Safery-Toewear, Z41.1 - 1667, and

must be properly maintained
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1. Unreasonably loose, poorly fitted or torn clothing should not be
worn

2. Hazardous jewelry, such as finger rings, chain bracelets, etc.,
should not be worn. This s not intended to include wrist watches
equipped with bands which will easily break

3. When conditions warrant, +typically during driiling and workovers,
gloves and hearing protectors should be worn

4. Long hair that may become entangled in moving or rotating machinery
should be contained In a suitable manner. Beards and sideburns
should be kept in such condition and of such length so as not to
interfere with the proper and efficlent use of gas masks, air masks,
or other safety apparel or equipment. Any facial hair lying between
the seal ing surface of a respirator facepiece and the wearer's skin
that will prevent a good seal shall not be al!lowed

Suggested Personal Protective Equipment Specifications

The following provides information on features needed in all types of
personal protective equipment used in drilling and well servicing
operations (APl, 1981). This equipment Is not needed or necessary in all
circumstances, but, 1f In your own judgment such equipment is necessary,
the following description may prove helpful.

Head Protection

1. Field personnel shoulid use high density polyethylene hats. The
shell should have three major features:

o A rain trough to prevent water from running down the back of the
neck

o Structured ribs molded into the crown to assure maximum strength and
rigidity

o} A flat facade to accomodate hot stamping of EPA identification. The
Hard Hat should weigh 13 ounces and have adjustable headband and
four-point suspension

2. Winter liners, which are universally sized and designed to fit under
most brands of safety caps or hats, should cover the back of the
neck and be flame retardant

The liner should fold up, out of the way, on the outside of the cap
or hat when not in use
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ect] me
Eye protection must meet the requirements of American National
Standard Z87.1-1979, each lens having been subjected fo a rigorous
drop-ball test before leaving the factory

Lenses that should be accepted are as follows:

o True Color--neutral grey lenses primarily used as anti-glare lenses
outdoors

o] Clear--to be used indoors and outdoors

o} Calobar--green lenses designed to be worn as a safeguard against
glare, ultraviolet and infrared radiators

2. All eye protection should use side shields made of 24 or 40 wire
mesh with plastic binding and relnforcing brace bar, to provide
maximum lateral protection

3. Cover goggles should have four slotted air vents (or air directing
baffles) to control air flow and prevent Inner fogging, meeting the
requirements of ANS| X871-1979 for eye protection devices and having
lenses of a molded polycarbonate material, ophthalmically correct
and free of distortion and aberrations

Hearlng Protection

1. Muf f-type hearing protectors should be |ightweight, rotational units
that can be worn over the head, behind the head, or under the chin
and should have been tested In accordance with ANS| Z724,22-1957

2. Sel f-adjusting hearing protectors should be |[Ightweight, easy-to-
wear, properly fltted, dlsposable and individually wrapped, with
attenuation tested in accordance with ANSI Z724.22-1957

3. Self-fitting in-the-ear hearing protectors, attached to a vinyl-
covered stalnless steel headband that Is designed to be worn over
the head, under the chin or behind the head, should be non-toxic,
non-al lergenic high tear strength slllcone rubber, with attenuation
tested In accordance with ANSI S$=3.19, 1975

Hand Protection

1. General Purpose:

o Determine the physical condltions to which the glove will be

subjected (cutting, puncturing. abraslon., atc.)
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o] Consider the glove features required to perform the work (dexterity,
protection, grip, etc.)

o Choose the style which provides the best combination of features and
resistance to physical conditions

2. Specific Use Requirements:

o] Choose glove types with highest ratings for the chemical and
physical conditions Involved, using two sets of gloves with the
outer set appropriate to the types of fluids Involved

o Select unsupported gloves for extra dexterity and sense of touch,
picking a fabric-lined style if cut, snag, puncture or abrasion
resistance are important

o Select an appropriate palm finish to provide the grip needed for the
Job=- smooth, sprayed, dipped or embossed (sprayed and dipped
finishes grip best when wet)

o Choose glove length according to depth to which arm will be
Immersed, and to protect against chemical splash

o} Select thin~gauge gloves for jJobs demanding sensitivity and high
flexibility, choosing a heavy duty style, particularly in dealing
with organic solvents, if greater protection or durability is
wanted

o) Choose the glove size or sizes that will assure optimum wear,
dexterity, working ease, comfort and employee satisfaction

3,  Comprehensive Protection:
Determine the degree of glove toughness, sheerness, fit, sensitivity
and disposability required and then select the glove which provides

those benefits in order of their Importance

5:3 Other General Considerations for Personal Safety

Protective Clothing and lnjury

Wearing special protective clothing can reduce an Individual's hearing,
vision and agility and greatly increase the chance of injury by drilling
tools, equipment and vehicles.

Eating, Drinking, Smoking

Personnel must not eat, drink, chew gum or tobacco, smoke, take medicines
or perform any other practice that might Incaease hand to mouth transfer
of toxic materials from gloves, unwashed hands or equlpment,
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5:4

5:5

Mustaches, Beards

If respirators are required, personnel should not have excessive facial
hair (heavy mustaches, beards) which can prevent the proper fit of
resplirators.,

e ! e e

The inspector's vehicle should be parked well clear of the control area
with keys left inside so that it may be moved In the event of an
emergency situation.

Hazards Related to Injectlion Well Operations

The UIC Inspector will encounter different types of hazards depending on
the type of Inspection being conducted. These fall into three main
categories:

1. Hazards during Well Treating Operations
2. Hazards during Drilliing and Well Workover
3. Hazards during Routine Inspections

Safety during Well Treating Operations

Well treating usually conslsts of hydraulic fracturing, acidizing, or
both., The principal hazards are high pressures and corrosive materials.
Treating pressures of up to 5,000 psl are not uncommon, When |ines give
way under this type of pressure flying objects can become deadly
projectliles. For this reason all pressurlzed hoses should be
hydrostatically tested, secured by chains and sometimes covered with hose
covers to deflect fluld leaks. Normally as an added precaution well
treating Is scheduled during dayllight hours. A face shield is required
whenever acids are to be handled.

The princlipal aclids used In well stimulation work Include hydrochloric,
acetlc, formlc and hydrofluoric aclds. Some speclel aclds such as
sul famic, cltric, lactic and others are used on occasion for special
applicatlions. A short discussion of chemlcal hazards Is presented in
section 5:11,

During well treatment the Inspector should stay clear of the controlled
area, which should be plainly deslignated. The most advantageous locatlicn
to witness treatment Is on the treatment truck where Injectlon pressures
can be monitored. The Industry requires that treatment trucks and tanks

be located at least 100 feet from the well and out of fall tine of the
derrick,
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5:6 Drilling and Well Workover Safety

The inspector's greatest exposure to accidents is probably during well
drilling and workover operations. To protect himself from a serious
accident he must be able to recognize unsafe conditions and unsafe
practices,

General Safety Rules

The following general safety rules should apply anytime the inspector is
involved in monitoring construction, workovers, plugging and abandonment,
or other activities requiring a drilling or workover rig.

1. Park outside of guyllnes

2,  Wear hard hat, safety shoes and safety glasses at all times within
the guylines

3. Note location of fire extinguishers., They could be stored at
different locations on each job but are normally at an obvious and
easily accessible place

4, Never smoke near flammable materials

5. Insure that plpe stored on pipe rack is adequately chocked with a
chock pln

6. Stay clear of shear rellef valves and |ines when under pressure
Safety In the Working Area

Normal ly an inspector's duties will not require him to go on the rig
floor; however, should this become necessary, he must be accompanied by
the operator or his representative. While in the immediate working area

the following safety rules should be followed:

1. Wear gloves for greasy and slippery handrails and to protect against
potential hand injuries

2. Keep hands off of and feet clear of all lines that are moving
3. Watch for greasy or slippery floor

4. Stand clear of rig crew members when they are breaking apart tools
or tubular goods

5. Watch for wickers on wire rope

6. Note that guard rails on ladders and platforms must be in place
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5:7

5:8

5:9

5:10

7. Stay alert. Consider the hazards related to the work being
performed

Safety during Routine Inspections
Protective Equipment

Hard hat, safety glasses, outer protective coveralls and safety shoes are
minimal safety equipment required for entering any operating area.

r e er r! r

Insist that any gauge callbration or sampling be performed by the
operator's personnel. This Is especially Important when performing an
Inspection at a Class | hazardous waste facility. High pressures and
faulty equipment can also be dangerous. The well operator should know
the best way to take a sample, what safety measures his personnel should
take, and what Isolation points are necessary to "swap out" (replace)
gauges, If this Is required.

Class | Injectlon Well Hazards

Class | Injectlon operations are especially hazardous since corrosive or
toxic chemicals may be Involved. The Inspector may come into contact
with high concentrations of hazardous materials, Sampling equipment
will, In many cases, become unavoldably contaminated. These Items must
be thoroughly cleaned before the next use or discarded. The
decontamlnation procedure will vary greatly depending on the type and
strength of the hazardous material and the nature of site activities. In
general, the more hazardous the contaminant, the more thorough the
decontamination should be, Contaminated equipment must not be placed
where [t may expose others to hazardous substances. |f splashed during
testing operations, personnel should shower themselves immediately.

Disposable Clothing and Equipment

Use disposable clothing and sampling devices to minimize the amount of
equipment to be cleaned and volumes of decontaminants and rinse solutions
to be disposed of.

Decontamination

Steam cleaning or high pressure spraylng, utillizing water with a general
purpose low sudsing soap or detergent, is the decontaminatlon method of
cholce (Maslansky, 1983). Physical scrubbing by disposablie or easlly
decontaminated brushes may be necessary to lcosen caked-on materials. In
most Instances hot water (120-180°F) Is more effectlve *than cold.
Flushing should be done under high pressure, *aking cars not to damage

such Items as dials, gauges and loosely hanging wires or hoses.
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5:11 Safe Handl ing of Hazardous Chemicals

Information on potential ly hazardous materials and chemicals is available
from manufacturers' catalogs and specific handling guides, such as Baskin
(1975). The documents tell how to safely handle chemical materials
encountered at injection well sifes. In addition, fire hazard, chemical
reactivity and first aid measures are presented so that steps necessary
for accident prevention may be taken.

When a Class | hazardous waste facility is fo be inspected the inspector
should determine which hazardous substances may be present at that site.
This information should be included in the permit. The inspector should,
at a minimum, determine the hazardous properties of these substances and
take all necessary precautions to ensure his or her safety. A litfle
advance preparation will make performing the inspection that much safer.
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Preparation of well for plugging, 4:44, App. H
Preservation of samples, App. B

Pressure test, annulus, 2:17, 4:25 - 4:27, 4:32, App. |
Pressure test, statlc, 4:26

Primary cementing, 4:17, 4:18

Protective equipment, personal, 5:1 - 5:8

Pump dlscharge, volume data, App. J

Qual ity assurance (QA), 2:11
Qual Ity assurance, control, 2:11, 4:3, 4:22, App. A, B

Radiatfion, Induced, 4:8, App. C

Radlation, natural, 4:8, App. C

Radioactive lodine, 4:30

Radloactive tracer survey (RATS), 4:30, App. C
Radloact!ve tracer, 4:8, App. C

Radloactive waste Injectlon wells, 1:1, 1:2, 1:6, 1:7
Radloactivity logging, 4:8, 4:30, App. C

RATS, 4:30, App. C



Recharge wells, 1:7

Regulations, General Grants, 2:11
Release, injury, 3:8

Release, restricted information, 3:10
Remedial cementing, 4:17, App. D
Repair of wells, 2:10, 5:6, App. K
Report forms for Inspections, App. L
Report, inspection, 3:22

Reporting requirements, 4:22
Reservoir pressure test, 4:19, 4:20
Reservoir testing, 4:19, 4:20
Responses to violations, 4:22, App. E
Responsibilities of Inspector, 3:1, 3:2

SP logging, 4:7, App. C

Safe Drinking Water Act, 1:0, 2:0, 2:1
Safety, 3:9, 5:1-5:11

Salt solution mining, 1:5, 1:7
Saltwater barrier wells, 1:7

Sample containers, 3:12, App. B
Sample preservation, App. B

Sample size, 3:12

Samples of Injection fluld, 3:12, 4:3, 5:7, App. |
Samples, 3:9, 3:10, 3:12-3:13, 3:22, 4:21, 4:22, App. A, B, |
Samples, composite, 3:12

Samples, grab, 3:12

Samples, split, 3:9, 3:22

Secondary cementing, 4:17

Septic tank system wells, 1:7

Shoe, guide, App. D

Shoes, safety, 5:1, 5:6, 5:7

Site Inspection, checkllst for, 4:3
Snubbing, App. L

Solutlon mining wells, 1:1, 1:2, 1:7
Spent brine Injection wells, 1:7
Squeeze cementing 4:17, App. D
Standplipe pressure control, App. L
Statements, formal, 3:10

Statlc pressure test, 4:26

Stopes leaching wells, 1:7

Storage of hydrocarbons by wells, 1:4
Stress-Induced damage and Mi, 4:41
Stripping, App. L

Subsldence control welis, 1:7
Sulfate-resistant cement, App. D

Sul fur mining Injection wells, 1:5
Surface facllitles, 4:2, 4:3, 4:22

TOS !imit for USDW, 2:7
TDS, logging of, 4:7, App. C
Tar sands, In-situ recovery wells for, 1:7




Temperature logs, 4:10, 4:29

Test, pressure, annulus, 2:17, 4:25 - 4:27, 4:32, App. |
Total dissolved solids (TDS) limit for USDW, 2:7

Tracer, radioactive, 4:8, 4:30, App. C

Treatment, well, safety during, 5:4, 5:5
Troubleshooting wells, App. K

Tubing and packer, 2:16, 4:26 - 4:27

Two-plug method of plugging, 4:47

USDW's and well classes, 1:1, 1:2

usow, 1:1, 1:2, 2:7

USDW, definition of, 2:7

Underground sources of drinking water (USDW), 2:7
Upper terminus of plugged weils, 4:38, 4:51
Uranium mining wells, 1:5

Ver ifying mechanical Integrity, 2:17, 4:23-4:38
Violation documentation, 3:10, 4:22

Violatlon, alleged, 2:15

Violations, response to, 4:22, App. E

Waiver, Injury, 3:8

Walver, restricted Information, 3:8

Warrant documents, 3:17, App. F

Warrantless entry, 3:14

Warrant prior to inspection, 3:20

Warrant, 3:18 - 3:20

Warrant, Inspection by, 3:18 - 3:20
Water-In=annulus test for MI, 4:32

Wel | construction Influence on plugging and abandonment, 4:38, App. H
Well preparation for plugging, 4:38, 4:39, 4:44, 4:51, App. H
Wel ! records as evidence of Ml, 4:31

Wel lhead configuration, App. |

Wel lhead Instrumentation, App. |

Wire-iine logging checklist for witnessing, 4:16
Withdrawal of consent to Inspect, 3:15, 4:22
Witnessing logging, 2:17

Witnessing mechanical Integrity, 2:17, 4:23-4:33
Witnessing plugging and abandonment, 4:49
Witnessing primary cementing, 4:18

Witnessing wire-line logging, 4:16

Workover of Injectlon wel!l, 2:17, 4:2, 5:6, App. K
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APPENDIX A

CHA IN-OF-CUSTODY

Chain~of-Custody Procedures

In any activity that may be used to support litigation, the sampler must
be able to provide the chain-of-possession and custody of any samples
which either are offered as evidence or for which test results are
introduced as evidence. Written procedures must be available and
followed whenever evidence samples are collected, transferred, stored,
analyzed or destroyed. The primary objective of these procedures is to
create an accurate written record which can be used to trace the
possession and handling of a sample from the moment of its collection
through analysis and its introduction as evidence.

A sample is def ined as being in someone's "custody" if:

o] It Is In one's actual possession; or
o It is in one's view, after being in one's physical possession; or
o] It is In one's physical possession and then locked up so that no one

can tamper with It; or

o] It Is kept in a secured area, restricted to authorized personnel
only.

The number of persons Involved in collecting and handl ing samples should
be kept to a minimum. Field records should be completed at the time the
sample is col lected and should be signed or Initialed, including the date
and time, by the sample collector(s). Fleld records should contain the
following information:

¢ Unique sampling or log number

o} Date and time

o) Source of sample (including name, location and sample type)
ol Preservative used

o] Analyses requlired

o Name of col lector(s)

o]

Pertinent fleld data (pH, DO, chicrine residual, specific
conductance, temperature, redox potentlal, etc.)

o) Seriael number on secals and transportation cases,
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A:2

Each sample must be labeled using waterproof ink and sealed immediately
affer it is collected, Labels should be filled out before collection to
minimize handl ing of sample container.

The sample container should then be placed in a transportation case along
with the chain-of-custody record form, pertinent field record, and
analysis request form as needed. The transportation case should be
sealed or locked. A locked or sealed chest el iminates the need for close
control of individual samples. However, on those occasions when the use
of a chest Is inconvenient, the collector should seal the cap of the
indlvidual sample container with tape in a way that any tampering would
be easy to detect.

When transferring the samples, the transferee must sign and record the
date and time on the chain-of-custody record, which should have been
prepared according to enforcement requirements, Custody transfers made
to a sample custodian In the field should account for each sample,
although samples may be transferred as a group. Every person who takes
custody must fill in the appropriate section of the chain-of-custody
record. To minimize custody records, the number of custodians in the
chain-of-possession should be minimized. Figure A.1 is an example of a
chain-of-custody record.

Instructions For Fiiling Out Chain-of-Custody Record (Tag)

Note: All signatures must be legible

1. Sample No: Record In fleld log as well as on tag

2. Source of Sample: Be specific

3. Preservative: Be specific

4, Sample col lector/witness: Signatures only (new procedures)

5. Remarks: Specify lab to receive samples and analyses to be
performed; specify whether sample Is grab or composite; for composite
samples specify the type of composite, for example, 24 hour composite,
1/2 depth-bottom composite, etc.; specify unusual characteristics that
may require special laboratory handling, for example, nauseous odor,
flammabil ity, etc.

Situation A: Sampler or witness personally delivers sample to lab.

Receipt of Sample: To be filled out by lab personnel receiving sample.

1. Received from: Name must be sampler or witness as shown on reverse
side of tag.

2. Disposition of Sample: Record lab log number in this space.



CHAIN OF CUSTODY RECORD

ENVIRONMENTAL PROTECTION AGENCY
Environmental Services Division
Edison, New Jersey 08837

Name of Unit and Address

Sample| Number of Description of Samples
Number | Containers

Person Assuming Responsibil ity for Samples Time Date
Sample | Relinquished by | Received by | Time Date Reason for Change
Number of Custody
Sample | Relinquished by { Recelved by | Time Date Reason for Change
Number of Custody
Sample | Relinquished by | Received by | Time Date Reason for Change
Number of Custody
Sampie | Relinquicshed by | Received by Time Date Reason ?QFWChange
Number of Custedy
! i
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Situation B: Sampler of witness sends sample to lab by certified mail

common carrier,

or

Dispatch of Sample: To be filled out by sampler or witness.

1. Date/time Obtained: Same as reverse side of tag.

2. Source: Enter company or water body name and sample number.

3 Date/+ime Dispatched: Enter date and time custody of sampnle was

- . e YL B 11 A via T AN » Ladl 1 Ny A ¥ [ i B il LI L] A~ v\ddlvu, N~ -tk +
transferred to postal or carrier agent.

4, Method of Shipment:

(a) Common Carrier: Prepare GBL, listing and identifying all samples

being sent. Sign GBL. Enter name of carrier and GBL number on tag.

{b}) Postai Service:
of sample numbers sent,

Enter Certified Mali in This space. Prepare a iist
Include name of lab receiving samples and record

certified mail nunber on this 1ist. Sign and date this iist. Affix
certified mail receipt to listing of sample numbers.

5. Sent to: Specify name of lab and person receiving samples.
Situation C: Sampler or witness sends sample to lab by courler. Courler

completes dispatch of sample:

1. Date/time obtained: Specify when custody of sample transferred from
sampler or witness to courler,

2. Source: Must be sampler or witness by name.

3. Method of Shipment:

Specify type of vehicle used.

4. Date/time dispatched and sent to:

Same as B.3 and B.5 above.

If two courlers are requlired:

First courler fills out Receipt of

Sample Sectlon as follows:

5. Recelved from: Must be sampler or witness

6. Disposition of sample: Record name of second courier. Second
courler fllls out Dispatch of Sample as In C.1 to C.4 above.

Sltyation D: Sampler or wltness transfers samples to courier who sends
samples by certlfled mail or common carrier tco lab,

Carrier fills cut Dispatch of Sample as follows:

1. Date/time obtalned and source:
Same as C,1 and C.Z above,.
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2. Date/time Dispatched, Method of Shipment, Sent To Sections:

Same as
B.3, B.4, and B.5.

Sityation E: Sampler or witness personally performs analyses (no change
of custody). Fill out Remarks Section on front tag as fol lows. "
personally performed the required analyses." Give date, time, and

laboratory name and sign., |f any unusual situations arise, contact
Regional Enforcement personnel for advice.
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Table B.1 Required Containers, Preservation Techniques, and Holding Times

Measurement Maximum
Table/Parameter Container Preservative Holding Time

1A Bacterlial Tests

Coliform, fecal P, Cool, 4°C 5 6 hours
and total 0.008% Na,S,0,
Fecal streptococci P, G Cool 4°C

0.008% Na,S$,0,° 6 hours

1B Inorganic Tests

Acidity P, G Cool, 4°C 14 days

Alkalinity P, G Cool, 4°C 14 days

Ammonia P, G Cool, 4°C 28 days
HZSO4 to pH<2

Blochemical oxygen P, G Cool, 4°C 48 hours

demand

Biochemical oxygen P, G Cool, 4°C 48 hours

demand carbonaceous

Bromide P, G None requlired 28 days

Chemical oxygen P, G Cool, 4°C 28 days

demand HZSO4 to pH<2

Chloride P, G None required 28 days

Chloride Resldual P, G None requlired Analyze

immediately

Color P, G Cool 4°C 48 hours

Cyanide, fotal and P, G Cool 4°C 14 days®

amenable fto chlorlination NaOH to pH»> 12

0.6g ascorbic acid



Table B.1 Required Containers, Preservation Techniques, and Holding Times

Measurement Max imum
Table/Parameter Container Preservative Holding Time
1B Inorganic Tests (cont.)
Fluoride P None required 28 days
Hardness P, HNO3 to pH<2 6 months
Hydrogen fon (ph) P, None required Analyze
Immediately
Kjeldahl and organic P, Cool, 4°C 28 days
Nitrogen HySO, to pH<2
Chromium VI P, Cool, 4°C 24 hours
Mercury P, HNO3 to pH<2 28 days
Metals, P, HNOg to pH<2 6 months
except above
Nitrate P, Cool 4°C 48 hours
Nltrate-nitrite P, Cool 4°C 28 days
HZSO4 to pH<2
Nitrite P, Cool, 4°C 48 hours
01l and grease P, Cool 4°C 28 days
HZSO4 to pH<«2
Organic carbon P, Cool, 4°C 28 days
HCI or H,50,4
to pH<2
Orthophosphate P, Fllter Immedlately 48 hours
Cool, 4°C
Oxygen, Dlissolved G Bottle None required Analyze
Probe and Top immediately
Winkler G Bottle FIx on site and 8 hours
and Top store in dark
Phenols G only Cool, 4°C 28 days

B -2

HqSOd to pH<2
&



Table B.1 Required Containers, Preservation Techniques, and Holding Times

Measurement Maximum
Table/Parameter Container Preservative Holding Time
1B (Cont.)
Phosphorus G Cool, 4°C 48 hours
(elemental)
Phosphorus, total P, Cool, 4°C 20 days
HZSO4 to pH<2
Residue, total P, Cool, 4°C 7 days
Residue, Fllterable P, Cool, 4°C 7 days
Residue, Non-filterable P, Cool, 4°C 7 days
(TSS)
Residue, settleable P, Cool, 4°C 48 hours
Residue, volatile P, Cool, 4°C 7 days
Silica P Cool, 4°C 28 days
Specific conductance P, Cool, 4°C 28 days
Sul fate P, Cool, 4°C 28 days
Sulflde P, Cool, 4°C add 7 days
zlnc acetate plus
sodium hydroxide
to pH>9
Sulfite P, None required Analyze
immediately
Surfactants P, Cool, 4°C 48 hours
Temper ature P, None required Analyze
immediately
Turbidity P, Cool, 4°C 48 hours

B -3



Sample Preservation and Maximum Holding Times Specific to Class
I__We Samples

The sampling preservation and maximum holding times are defined to maintain
the integrity of the samples so that accurate and reliable data will be
generated by the laboratories analyzing such samples. 11+ Is incumbent on the
sampl ing teams to understand these requirements and plan the sampling projects
so that the requirements are met. It is also necessary that the laboratory
personnel understand the requirements and notify the proper authorities when
there are problems so that corrective action can be taken.

Sampling containers should be made from polyethylene with polyethylene-1ined
lids. Glass Is required only when dissolved oxygen sampies are stabilized in
the fleld and titrated later. Glass sample bottles may be used for all other
sample types but polyethylene-lined |ids are necessary.

When filtration Is required, it should be performed on-site. If conditions
preclude field filtration, the samples must be delivered to facilities and
filtered within four (4) hours. Samples should be chiiled to 4°C during
transit.

Table B.2 summarizes preservation and holding times for some tests.



Parameter

TABLE B.2

Preservation
Technique

Maximum
Holding Time

Major Cations

(Na+, K+, Ca+2, Mg+2)
Major Anions

(CI-, SOy, F~, Br™)
Trace Metals

(Fe, Mn, Zn, Pb, Hg)

Alkal inity
Sulflde
pH

Dissolved Oxygen

Speciflc Conductance
Total Dissolved Sollds

Compatabll ity

Note:

HNO3 to pH <2.0

Cool to 4°C

HNOg to pH < 2.0

Cool to 4°C

Cool to 4°C

Add Zn Acetate Reagent

plus NaOH to
pH >9.0
None

Meter method=-=none
Winkier method--add
MnSO4 and Azide~NaOH
reagents

Cool to 4°C

Cool to 4°C

Cool to 4°C

may be obtalned from the RQAOs.

6 months
1 month
6 months

14 days

7 days

1 hour maximum
determine on-site

8 hours

28 days
7 days

48 hours

Hoiding time and preservation requlirements for other parameters
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APPENDIX C

ELECTRICAL LOGGING

Electrical logging is a process by which electrical measurements provide data
on formations penetrated by the borehole.

C:1 Self Potential (SP) Logging

C:2

The principal downhole measurements made are voltage and resistance. The
voltage measured is the spontaneous potential (SP) of the drilling mud
column in the borehole with respect to the ground potential near the
drilling rig.

The SP is generated through the operation of several mechanisms involving
borehole fluids and the boundaries between subsurface strata.
Measurement of this voltage is accomplished by lowering a sonde that
carries one electrode down the hole, and by recording the difference in
vol tage between the sonde-borne electrode and an electrode driven Into
the ground at the surface. The SP log is useful in detecting large
changes in the chemical character of formation fluids. Total Dissolved
Solids (TDS) content of the formation water can be calculated from a
properly cal ibrated SP log.

Electrical Resistance

Resistance of subsurface strata is measured in itwo general ways. One
method involves impressing a voltage across 2 electrodes suspended -~ one
above the other -- on a cable lowered Into the liquid-filled bore hole.
The flow of current from one electrode to the other induces a voltage
difference between two other electrodes located between the first two.
The voltage induced across the second pair of electrodes is recorded
continuously on a graph at the surface. A variation of this method is to
monitor the amount of current that is actually forced into the formation
from the electrodes. The first method requires that the drilling mud be
conductive. The second method involves induction, and so nonconducting
muds can be used.

An induction log uses a transmitter in one end of a sonde to generate a
magnetic fleld that induces eddy currents into the formation surrounding
the borehole. These eddy currents in turn generate their own magnetic
fields which are sensed by a receiver in the other end of the sonde. The
magnitude of the induced eddy currents and their associated magnetic
fields is a function of formation resistivity; the sonde receiver records
the apparent formation resistivity.

In practice, the electric log usually consists of a lateral curve, two

normal curves, and an SP curve -- ail simuitaneously recordec on a strip
fog. The induction log is commonty a combination of four logs made
simultaneousty: SP, short normal, conductivity, and Its reciprocal,
resistivity. The gamma ray and single-point resistance curves are
substituted in many instances for the SPoand rosictivity, Theo nammi ray

o
i
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C:3

C:4

and single-point resistance logging systems are very versatile in terms
of measurements which can be made, and when combined with radioactive or
acoustic systems are very effective in determining formation
characteristics.

RADIOACTIVITY LOGGING

Common to all radiation logging devices is some means of measuring
radioactivity in the borehole. The radioactivity may be either natural
or induced, or It can result from injection of an isotope used as a
tracer, Because certain types of radiation are very penetrating, these
radioactivity logs can be used in cased holes.

Natural Radiation Log

A natural radiation log measures gamma radiation produced by decay of
uranium, thorium, or potassium contained in the formation. This log may
also be used to detect a radioactive tracer; however, the chief use of
natural gamma logs is fto identify the [ ithology.

Gamma Density (Gamma—Gamma) Log

Gamma density (gamma-gamma) and neutron logs are examples of induced
radiation logs. A gamma density tool includes a source of gamma rays
which penetrate into the formation at the borehole wall. This tool also
contains a detector which is located a short distance away and measures
the flux of gamma rays scattered by the formation. The detected flux is
proportional to the electron density of the formation, which in turn is
roughly proportional to formation bulk density.

Neutron Log

The standard neutron log measures the reduction of neutron energy
resulting from collisions of emitted neutrons with nuclei of formation
materials. The greatest energy losses occur when neutrons collide with
hydrogen nuclei. Thus, the log reflects the total water content of the
rocks. This may include pore water between mineral grains, bound or
absorbed water in clay, or water of crystallization in gypsum. This log
gives information concerning the porosity, or degree of water saturation
of the formation.

[
1
N



APPENDIX C

LOUISIANA DEPARTMENT OF NATURAL RESOURCES
OFFICE OF CONVERSATION
RADIOACTIVE TRACER SURVEY GUIDEL INES AND PROCEDURE
for Injection Wells Completed with Tubing and Packer
that have Tubing, Packer, and Casing Integrity

Guidel ines;

A. The gamma-ray log may be run up to 60 ft/min at a time constant of 1
second (suggested) or up to 30 ft/min at TC 2 or up to 15 ft/min at

TC 4. Indicate logging speed and time constant on the log heading.

B. Include a collar locator for depth control.
C. Vertical scale may be 1", 2", or 5" per 100 f+, 2" being preferred.
D. jcat AP it he hor ta cale. It is suggested that

two gamma-ray curves be recorded on each log pass at different
sensitivities (such as one at 20 APl units per division and one at

100 APl units per division). If only one gamma-ray curve is
recorded, make sure the sensitivity used is such that the tracer
material will be obvious when detected and will not be confused with
normal "hot spots" in the formations; i.e., choose a low

sensitivity., It should be sensitive enough to show |ithology.

E. Indicate beginning and ending clock times on each log pass.

F. Indicate injection rate (if any) during each log pass.

G. Indlcate volume of water injected between log passes.

H. Indicate volume and concentration of each slug of tracer material.

If preferred, most of the above may be shown in tabular form rather than on
the log, as long as all information is provided (the Injection and Mining
Division will provide forms on request).

Procedure:

1. Run a base log from the injection zone (starting 100 ft below, If
possible) to at least 100 ft above packer depth.

2. Release tracer material from the tool into the tubing about 100 ft
above packer depth (or, if tool will not release tracer, tracer may
be Injected at the surface, although it will probably string out
going down). Trace the slug to at least the top of the previously



NOTE :

recorded slug depth (to show whether any tracer was {eft behind).
Although it is difficult to determine the number of passes needed,
the complete pathway followed by all of the tracer needs to be
demonstrated. |Ideally, the following passes should be made:

1. upon release of the tracer about 100 ft above packer
depth;

2. below packer depth (whether in tubing or casing) but
before leaving the casing;

3. while or just after leaving the casing;
4, to ?) continuing to follow the tracer with several passes

yntil it virtually disappears; the last pass should
essentially duplicate the base log.

It is suggested that pumping not occur during logging; that is, pump
only to move tracer downhole between log passes. Be cautious of the
volume of water pumped during or between log passes to prevent
premature loss of the tracer! [f the fracer has been prematurely
lost, it wlill be necessary to release another slug and follow it
from the point of the last good log pass.

A few passes may be shown on one log segment if desired as long as
each gamma-ray curve along with 1its collar locator Iis
distinguishable. Otherwise, make each pass on a separate log
segment.

An interpretation of the log must be supplied by the logging company
on the log itself,

Include a schematic dlagram of the well on the log itself. The
dlagram should show the casing diameters and depths, tubing diameter
and depth, packer depth, perforated intervals and total or plugged
back depth. Indicate the pathway the tracer material appears to
have taken using arrows.

Write Serial Number of well on log heading, if available.

The above "Guidel ines"™ and "Procedure™ will apply in most instances.
In certain situations, it will be necessary to deviate from these
directions. Necessary modifications may be made as long as the
pathway the tracer follows from packer depth on down can be
demonstrated.

Aprii1/84



LOUISIANA DEPARTMENT OF NATURAL RESOURCES
OFFICE OF CONSERVATION
RADIOACTIVE TRACER SURVEY GUIDEL INES AND PROCEDURE
for Annular Disposal Wells

The purpose of running a radioactive tracer survey in an annular disposal well
is twofold:

1.  to show whether injected fluids will leak through a hole or holes in
the casing above the casing shoe; and

2. to show whether injected fluids will migrate vertically outside the
casing after reaching the casing shoe.

Guidelines:

A. The gamma-ray log may be run up to 60 ft/min at a time constant of 1
second (suggested) or up to 30 ft/min at TC 2 or up to 15 ft/min at

TC 4. Indicate logging speed and time constant on the log heading.
B. Include a collar Jocator for depth control.

C. Vertical scale may be 1", 2", or 5" per 100 ft, 2" being preferred.

D. Indicate in AP| units the horizontal scale. [t Is suggested that
two gamma-ray curves be recorded on each log pass at different
sensitivities (such as one at 20 AP| units per division and one at
100 API units per division). If only one gamma-ray curve is
recorded, make sure the sensitivity used is such that the tracer
material will be obvious when detected and will not be confused with
normal "hot spots"™ in the formations; I.e., choose a low
sensitivity. |t need not be sensitive enough to show |ithology.

E. [ndicate beginning and ending clock times on each log pass.

F. Indicate Injectlon rate (if any) during each log pass.

G. Indicate volume of water injected between log passes.

H. Indicate volume and congentration of each slug of tracer material.
I preferred, most of the above may be shown in tabular form rather than on
the log, as long as all information is provided (the Injection and Mining
Division will provide forms on request).
Procedure:

1. Run a base log from at least 200 ft below the casing shoe to the
surtface.



3.

Pump tracer material, lodine 131, info the annular space and tfrace

the slug with the gamma-ray tool. Run short (approximately 500 ft)
overlapping log passes following the fracer downhole. Each pass
should extend from about 100 ft+ below the siug depth to at least 25

ft+ above the top of the previously recorded slug depth (fo show

whether any tracer was left behind). An ideal sequence would be
something I1ke:

a. place gamma-ray tool at 475 f+;
b. pump tracer down until detected by tool;

c. log from 600 ft to the surface slug discovered at 475-500 ft);

d. place tool at 975 ft;

e. pump tracer down until detected by tool;

f. log from 1100 ft to 450 f+ (25 _ft above previous sjug)
g. place tool at 1475 ft;

h. pump tracer down until detected by tool;

I. log from 1600 ft to 940 ft+ (25 _ft above previous slugl.

and so on at approximately 500-ft increments (assuming no fracer was
previously left behind). I+ Is suggested that pumping not occur
during logging; that Is, pump only to move tracer downhole between
log passes to prevent premature loss of the tracer! |f the tracer
has been prematurely lost, it will be necessary to Inject another
slug and follow It from the last point of the last good log pass.

As soon as the tracer reaches the casing shoe, stop pumping (or slow
as much as possible) and run a log to the surface.

As tracer Is pumped out of the casing Into the well bore, run a few
short log passes from at least 50 ft below the sliug depth to at
least 50 ft above the sliug depth showing the pathway the ftfracer
follows. Continue running passes untl! the fracer virtually
disappears. The last pass should essentially duplicate the base
log.

Another log may be run to the surface after Step 4. This should be
done particularly If the log run in Step 3 still shows "hot spots"
due to leaks or to plpe scaling entrapping some of the tracer
material,



6.

NOTE:

A few passes may be shown on one log segment if desired as long as
each gamma-ray curve along with its collar locator is
distinguishable. Otherwise, make each pass on a separate |og
segment.

An interpretation of the log must be supplied by the logging company
on the log itself.

Include a schematic diagram of the well on the log itself. The
diagram should show the casing diameters and depths, tubing diameter
and depth (if any), perforated intervals, and total or plugged back
depth. Indicate the pathway the tracer material appears to have
taken using arrows.

Write Serial Number of well on log heading, if available.

The above "Guidel ines" and "Procedure™ will apply in most instances.
In certain situations, it will be necessary to deviate from these
directions. Deep wells will probably need a concentrated slug in
order to show Integrity along the entire. length of casing.

Necessary modifications may be made, as long as the two purposes
stated at the top can be demonstrated as evidence of well Integrity.

Apr11/84



LOUISIANA DEPARTMENT OF NATURAL RESOURCES
OFFICE OF CONSERVATION
RADIOACTIVE TRACER SURVEY GUIDEL INES AND PROCEDURES
for Casing Disposal Wells (complieted without Tubing or Packer)

The purpose of running a radioactive tracer survey In an injection well Iis
twofold:
1. to show whether injected fluids will leak through a hole or holes in

the casing above and, in some cases, below the Intended disposal
interval; and

2. to show whether injected fluids will migrate vertical ly outside the
casing after reaching the intended disposal zone.

Guidel ines:

A. The gamma-ray log may be run up to 60 ft/min at a time constant of 1
second (suggested) or up to 30 ft/min at TC 2 or up fo 15 ft/min at

TC 4. Indicate logging speed and time constant on the log heading.

B. Include a collar jocator for depth control.
C. Vertical scale may be 1", 2", or 5" per 100 ft, 2" being preferred.
D. i A the izonta ale. It is suggested that

two gamma-ray curves be recorded on each log pass at different
sensitivities (such as one at 20 AP! units per division and one at

100 API wunits per division), If only one gamma-ray curve Is
recorded, make sure the sensitivity used Is such that the +tracer
material will be obvious when detected and will not be confused with

normal "hot spots" In the formations; l.e., choose a low
sensitivity. It need not be sensitive enough to show |ithology.

E. Indicate beginning and ending clock fimes on each log pass.

F. Indicate Injection rate (If any) during each log pass.

G. Indicate volume of water [njected between log passes.

H. Indicate volume and concentration of each slug of tracer material.
If preferred, most of the above may be shown In tabular form rather than on
the log, as long as all Information is provided (the Injection and Mining
Divislon will provide forms on request).
Procedure:

BEFORE LOGGING: REMOVE TUBING, IF PRESENT, FROM WELL (REQUIRES WORK
PERMIT FROM THE INJECTION AND MINING DIVISION). IF THE LOGGING TOOL
CANNOT GET DOWN TO AT LEAST THE UPPERMOST PERFS, THE WELLS WiLL NEED TO
BE CLEANED OUT BEFORE RUNNING THE SURVEY.

c-8



2A.

2B.

Run a base log from the injection zone (starting 200 ft below, if

possible) to the surface.

If the well takes fluid on a vacuyum or the static fluid leve!l is
below the top of the casing:

a. indicate fluid level on the log;

b. release tracer material from the logging tool in the top 20 ft
of fluid;

c. log from at least 50 ft+ below to at least 50 ft above the slug
before pumping the tracer downward.

he we es not_ take i n
a. place logging tool at 50 ft;

b. pump tracer material into the well from the surface until it is
first detected by the logging tool; stop pumping;

c. log from at least 50 ft below the slug to the surface before
resuming pumping.

Pump tracer down and run short (approximately 500-ft) overlapping
log passes following the tracer downhole. Each pass should extend
from about 100 ft+ below the slug to at least 25 ft above the top of
the previously recorded slug depth (to show whether any tracer was
left behind). An ideal sequence would be something I|ike:

a. place gamma-ray tool at 450 ft;

b. pump tracer down until detected by tool;

c. log from 600 ft 1o the surface slug discovered at 425-500 ft);
d. place tool at 950 ft;

e, pump tracer down until detected by tool;

f. log from 1100 ft to 400 ft (25 ft above previous slugl).

g. place tool at 1450 ft;

h. pumnp tracer down untll detected by tool;

I. log from 1600 ft to 885 ft (25 ft above previous slugl).

and so on at approximately 500~ft increments (assuming no tracer was
previousiy left behlind). It Is suggested that pumping not occur
during logging; that Is, pump only to move tracer downhole between

c-9



4,

5.

10.

NOTE:

log passes to prevent premature loss of the fracer! |If the tracer
has been prematurely lost, It will be necessary to inject another
slug and follow it from the last point of the last good log pass.

As soon _as the tracer reaches the injection level, stop pumping and
run a log o the surface.

Return to the injection interval and run several short log passes
from at least 50 ft below the slug depth to at least 50 ft above the
slug depth showing the pathway the tracer follows., Continue ruynning

passes until the tracer virtually disappears. The last pass should

end up being similar to base log.

Another log may be run to the surface after Step 5. This should be
done particularly if the log run in Step 4 still shows "hot spots"
due to leaks or to pipe scaling entrapping some of the tracer
material.

A few passes may be shown on one log segment [f desired as long as
each gamma-ray curve along with 1its collar locator 1is
distinguishable, Otherwise, make each pass on a separate log
segment,

An interpretation of the log must be supplied by the logging company
on the log itself.

Include a schematic diagram of the well on the log itself. The
dlagram should show the casing diameters and depths, tubing diameter
and depth (if any), perforated intervals, and total or plugged back
depth. Indicate the pathway the tracer material appears to have
taken using arrows.

Write Serial Number of well on log heading.

The above "Guidel ines"™ and "Procedure™ will apply in most instances.
In certain sltuations, it will be necessary to deviate from these
directions. Deep wells will probably need a concentrated slug or

multiple slugs Injected downhole In order to show integrity along
the entire length of casing. Necessary modiflications may be made,
as long as the two purposes stated at the top can be demonstrated as
evidence of well Integrity.

April/84
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APPENDIX C
CEMENT BOND LOG
The Bond [ndex Method

The bond index method relates the amplitude attenuation in a zone of
Interest to the attenuation in a zone that is ideally 100% cemented. The
advantage of this technique Is that is depends on a ratio of attenuations and
not absolute values, thus minimizing possible errors resulting from unknown
parameters or conditions. Zone isolation predictions are dependent upon the
bond index and the length of bonded interval, which varies with casing size.

Gearhart Industries, Inc. has developed an interpretation ftable
(following page) for cement bond log evaluation. One simply has to find the
appropriate casing size and weight, read to the right to obtain the millivol+t
value for 100% cement (assuming a cement of 3000 psi compressive strength) and
the good bond cutoff value (bond index of 0.6). The 100% cement value is
Iisted for those cases where the l|owest value on the log may not be 100%
cement,

A vertical line Is drawn on the log at the appropriate millivelt value
for good bond cutoff. Any reading to the left of this line (lower millivolft
values) is considered a good bond; any reading to the right (higher millivolt

values) Is considered a poor bond. The column on the far right of the table
is the required vertical length of good bonding necessary for isolation.
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Cement Bond Log Interpretation Guide

Gearhart Industries, Inc.

Travel Free Class H Cement Interval
Casing Time Pipe 3000 psi 60% Bond For
Size wt. u-sec Signal 100% Cement Cutoff Isolation
4 1/2n 9.5 0.2 mv 2.3 mv
11.6 254 81 mv 0.6 mv 4.6 mv 5 feet
13.5 1.0 mv 7.0 mv
5n 15.0 0.9 mv 5.5 mv
18.0 258 76 mv 2.2 mv 10.0 mv 5 feet
21.0 3.6 mv 15.0 mv
5 1/2" 15.5 0.7 mv 4.8 mv
17.0 269 72 mv 1.0 mv 6.0 mv 6 feet
20.0 2.1 mv 9.0 mv
23.0 3.5 mv 13.0 mv
A 23.0 1.0 mv 5.5 mv
26.0 1.7 mv 7.5 mv
29.0 2.4 mv 9.3 mv
32.0 289 62 mv 3.3 mv 13.0 mv 11 feet
35.0 4.0 mv 14.0 mv
38.0 5.0 mv 15.0 mv
40.0 6.0 mv 17.0 mv
7 5/8% 26.4 1.1 mv 5.5 mv
29.7 302 59 mv 1.8 mv 7.5 mv 12 feet
33.7 2.6 mv 10.0 mv
39.0 3.5 mv 13.0 mv
9 5/8" 40.0 1.8 mv 6.8 mv
43.5 332 51 mv 2.2 mv 8.5 mv 15 feet
47.0 2.7 mv 3.0 mv
53.5 4.0 mv 12.0 mv
10 3/4n 40.5 1.2 mv 5.1 mv
45.5 1.8 mv 6.5 mv
48.0 352 48 mv 2.1 my 7.6 mv 18 feet
51.0 2.5 mv 8.0 mv
54.0 2.7 my 8.4 mv
55.5 2.8 mv 8.8 mv

Cc-12
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D:1 - D:4

D:1

D:2

D:3

APPENDIX D
CEMENTING OF WELLS
Cements

The American Petroleum Institute has established eight classes of deep
well cements based upon suitablility for use at various depths and
temperatures. A number of special cements, for which American Petroleum
Institute standards have not been established, have certain applications
In disposal wells. Pozzolan-lime cements combine the advantages of [Ight
weight and strength at high temperatures. Sulfate-resistant cements may
be used to cement casing directly above the injection zone when it is
expected that the Injected wastewater will have elevated levels of
sul fate., Latex cements may be used to improve bond strength of cement fo
casing and to Increase the resistance of the hardened cement to acid.
Epoxy resin cements are especial ly resistant fo corrosive aclids and other
chemicals. These resins are mixed with a catalyst and used to cement the
bottom portion of the long~string casing where corrosive wastes may be In
contact with the cement. They are also used for squeeze cementing in
wel ls,

Cement Additives

Cementing companies may select from more than 40 additives to obtain
optimum cement slurry characteristics for any downhole condition. The
general categories of cement additives include: accelerators, retarders,
| ght-welght additives, heavy-welght additives, lost-circulation control
additlves, water-loss control additives, and friction reducers,

Cement Yolume Requirements

The volume of cement needed for a casing job includes the calculated
volume of annular space outside the wall, plus an excess volume of
annular space outside the wall, plus an excess volume of cement for lost
circulation or hole washouts and high porosity zones. Volume of the
annular space outside the casing wall is considered to be equal to the
hole volume determined from a good callper log, minus the volume of the
casing string to be cemented. An addltional volume of cement, equal to
from 20 to 30 percent of the calculated annular cement volume, should
also be on location and ready for pumping In case it Is needed. If a
god callper log cannot be obtained for the borehole, the required cement
volume can be calculated from an estimate of hole diameter based on drill
bit size. However, the percent of excess cement should then be increased
to aliow for the relative Inaccuracy of this method.

Cementlng Devices

To obtaln a good primary cement job, a number of devlces can be installed
In a casing string during assembiy. A gulde shoe instalied on the bottom



D:4 - D:5

D:5

of each casing string helps guide the casing downhole to the setting
depth. The shoe Is constructed with a beveled edge on the bottom. A
float collar Is installed on top of the first, or lowest, joint of a
casing string. This tubular device contains a valve which allows mud and
cement to be pumped down through the pipe, but prevents backflow of fluid
up inside the casing. The float collar holds the cement siurry In place
outside the casing.

Multiple stage tools, or DV (differential valve) tools, may be installed
in a casing string to allow the casing to be cemented in separate
operations, or stages. Use of such tools may be advisable in certain
areas to prevent downhole formations from belng subjected to high cement
slurry hydrostatic pressures that may fracture formations. The stage
tool also is used to emplace different types of cement in the same hole,
for example, to separate epoxy from Portiand cements. Typicaliy, a
stage tool Is placed at an intermediate depth, or about one-half the
total cementing depth.

With a stage tool, the bottom stage of the casing Is cemented and al lowed
to harden. After the bottom stage slurry has completely passed through
the tool and Is in place outside the casing, ports in the tool are
mechanically opened. Excess cement from the bottom stage can be
circulated out of the hole through these open ports, and mud circulation
can be continued while waiting for the bottom stage cement to harden.
When the top stage slurry Is pumped down the casing, the cement
circulates through the ports In the stage tool and Is displaced upward
outside the casing to the surface. By mechanically closing the stage
tool ports, the top stage slurry Is held In place outside the casing
until the cement hardens.

Central lzers

Central izers, to hold the casing In the center of the hole, contrlibute to
a successful cement Job. Also, scratchers may be Installied on the casing
in wells that have been drilled with mud, where the casing is free to be
rotated or reclprocated in the hole; thls enhances the cement bond by
removing mud cake from the borehole. Viscous preflush, or mud flush used
ahead of the cement slurry, and casing wiper plugs ahead of and behind
the slurry help keep It free of mud contamination. Turbulent flow
conditions in the annulus also Increase the chances for good cement bond.
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TABLE E.1
RESPONSES TO NONCOMPL I ANCE
(non-SNC)

Approprlate Response (See Table E.2)

CATEGORY _| A B C D E F G H | J K

24 Hcur Reportlng and/or Written Fol low- X X X X X X X X
up §§144.28(b), 144.51(1)(6)

Waeil Constructlon, 1/ Part 146, X X X X X X X X X
§144,28(e)
Operating Requlrements §§144,28(f), X X X X X X X X X

Fallure to Plug and Abandon Properiy X X X X X X X X X i X
It nonendangering

Contanlination of USDW, §§144.12, 1431, X |4/ |4/ X X X

SOwA
Campl lance Schedule 1/, §§144.39(a)(4), X X X X X X

144.57(1)(5), 144,53

Record Retentlon, §§144.28(1), X X X X X X X
144.51())(2)

1/ Suspected/known endangerment; willful violations

2/ Strongly recammended In conjunctlon with referral, as appllcable

3/ Suspected/known endangerment

4/ Where an aqulfer exemption Is pending, these responses may, In some cases, be appropriate while

thw exemptlon Is belng processed
SNC  Signlficant Non-Campl lance



CAIEGORY |1

Approprlate Response (See Table E,2)

144.51(1)(n), 144,13

146

§144.28 (e)

b - S

144.51(p)

Injectton)

andangar ing and s not Included under SNC

mliestones

c D E F G H ] 4 L
Financlal Responsblllty (lnadequate X X X X 5/
and/or faltue to submit) §§144,28(d),
144.60-70, 144,52(a)(7)
Fallure to Make Requlred Notificatlion X X X X X X
(P&A, MIT, transfer of ownershlip, etc.)
§6144.28(q), (]) (1) 144,23(b)(3),
Fallure to Monltor, §§144,28(g), Part X X X X X X
Wel i Construction (below ground X X X X X X
constructlion, no suspected endangerment)
Operating requirements (no suspected X X X X X X
endangerment but violatlion substantlal),
144,28(f), Part 146, §§144.51(a), (e)
Fatlure to PAA properiy (no suspscted X X X X X X X
endangerment), §§144.52(a)(6),
144.28(c) 146,10, 144.51(0), 144,23b
Fallure to run M. 1. T., §§144.28(g) x | x | x [ x ] x X X
Compt tance Schedule (non-endangering) X X X X
$§144.25 (Result In unauthorlzed
Faliuré to compiy with permit condltlon, X X X X X X
§144.51(a) (not Included elsewhere)
Fallure to apply for a permit, §§144,25 X X X X X X
(Results In unauthor lzed Injectlion)
Mechanical Integr ity Fallure which Is not X X X X X X

5/ Repeated or unusual (willful or bad falth)




Approprlate Response (See Table E.2)

QAIEGQBIf@l} 7 7 ) ‘ A B C D E F G H | J

Repart

- Incomplete
- No Repart
- Late

- Incorrect
§§144.28(h), (k), 144.51(0), Part 146, X X X X X X

Wel | Constructlon (above ground,

nonsubstantlal), §§144.28(e) 1/ X X X X X X

Operating requlrements (non endanger Ing, X X X |6/ X |6/ X
repetitive or substantial), §144.,52(a),

Part 146

io PRA Plan 8/, §§144.23(b)(2), 148.28(c) X X X X

Unauthar Ized P8A (non-endangering) X |6/ X X [6/ | 1/ X

§9144.23, 144.28(0)

inventory Requirements 7/ (1 Year X X X X X X
Invantory Requlrements) §144,26

5/ Repeated or unusual (wlilful or bad faith)
6/ Area Permits Only
7/ Fallure to submit Inventory results In automatic termlnation of authorlzatlon by rule - see

unauthor lzed Injection In Categorles | and |l

8/ Request operator to submlt P&A plan under §§144,27. Fallure to submit plan after request
results In termination of authorlzatlon by rule - see unauthorized Injection In Categories
I and 11




TABLE E.2
POSSIBLE APPROPRIATE RESPONSES TO VIOLATIONS

Telephone call (must have appropriate documentation).

Warning letter tailored to individual operator notifying him/her of the
nature of the violation and required responses (must include possible
criminal/civil Iiabilities).

Field inspection (generally not appropriate as a final response to a
violation).

Opportunity for consultation ("show cause" meeting) which provides the
violator a chance to ask questions of the agency and get information.

Formal request for information (may include new information, mechanical
integrity fest, monitoring, etc. - see §144.27). Note: Owner/operator's
fallure to respond to this request results in automatic termination of
authorization by rule, (§144.27[c]).

Request for permit application (§144.27; 144.12[c] or [d]). Note: When
§144.27 information request authority is not appropriate, the §144.25
authority can be used to terminate authorization by rule if the permit
application is not submitted In a timely fashion, or if the permit is
denied.

Initiate permit modification, alteration or termination or impose or
modify a compliance schedule.

Issue Administrative Order fto owner or operator of a Class V well
requiring such actions as may be necessary to prevent primary drinking
water standard violations or to prevent contamination which may otherwise
adversely affect the health of persons. (§144.12[cJ(2D]).

Commence bond forfeiture or utilize other financial mechanisms to plug
the well.

§1431 SDWA Administrative Order or, where well 1is Injecting solid or
hazardous waste, RCRA, §3008 or §7003 Administrative Order (or where
appropriate, a CERCLA §106 Administrative Order).

Issue Admninistrative Order.

Referral to State AG/Department of Justice (DOJ) (Civil or Criminal).
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Michael R. Spaan

United States Attorney
District of Alaska

Federal Building, Room 252
701 C Street

Anchorage, Alaska 99513

U.S. DISTRICT COURT
DISTRICT OF ALASKA

IN THE MATTER OF: ‘ ; Civil No.
UNOCAL CORPORATION ) APPLICATION FOR WARRANT
Kenai Gas Field ) FOR ENTRY AND INVESTIGATION
Anchorage, Alaska ) PURSUANT TO SECTION 1445
) OF THE SAFE DRINKING WATER
g ACT, 42 U.S.C. §300j-4 et seq.

The United States of America, at the request of the Administrator
of the United States Environmental Protection Agency (EPA), applies to this
Court for a warrant authorizing EPA officials and their assistants to enter
upon land hereinafter referred to as the Unocal Facilities, and then and
there conduct such initial monitoring, testing or analysis, or any
combination thereof, together with such attendant sampling, surveying,
information gathering, and photographing as may be reasonable and necessary
to ascertain whether Unocal Corporation has acted or is acting in compliance
with its EPA emergency permit and Part C of the Safe Drinking Water Act
(SOWA)}, 42 U.S.C. §300h, at the Unocal Facilities in Alaska.

The EPA submits this application pursuant to the SDWA, 42 U.S.C.

§300f, and alleges for this application as follows:

APPLICATION FOR WARRANT - Page 1
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A. The EPA may enter the Unocal Facilities to perform
investigations, sampiing, and other actions pursuant to the authority vested
in the Administrator by Section 1445 of the SDWA, 42 U.S.C. §300j-4.

8. Section 1445(a)(1) SDWA, 42 U.S.C. 300j-4(a)(1), authorizes
the EPA to take any response measure to determine whether a person subject
to an applicable underground injection control (UIC) program or subject to
the permit requirement of 42 U.S.C. §300h-3 either has been or is in
compliance.

C. Whenever the conditions set forth in Section 1445(a)(1) of
the SDWA are present, Section 1445(b}(1) of the SDWA, 42 U.S.C.
§3003j-4(b)(1), authorizes the EPA to take the following range of
investigative activities:

[The EPA] is authorized to enter any establishment,

facility, or other property of [a person subject to

the underground injection control program] in order to

determine whether such . . . person has acted or is

acting in compliance with this subchapter, including

for this purpose inspection, at reasonable times, of

records files, papers, processes, controls and

facilities . . . .

Therefore, under Section 1445 of the SDWA, EPA has the statutory authority
to {1} enter and investigate and (2) obtain samples from the Unocal
Facilities.

D. The investigations, sampling, and other response actions for

which this warrant is sought include the following:

(1) A detailed walking inspection of the entire inspection site and
gravel pit;

{2) The taking of samples, collected at sample ports and/or drums and
tanks via sample containers and/or thiefs, from injection waste
streams and reservoirs/containers that may contain waste intended

. wit

for injection into well KU wWD-1;

APPLICATION FOR WARRANT - Page 2
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(3) The examination of records, files papers, processes and controls
required by permit to be found either on-site or at Unocal's
offices;

(4) The taking of photographs; and

(5) Any additional activities, including interviews and conferences,
as necessary to ascertain compliance or noncompliiance with permit
conditions.

E. Although EPA was, and is, entitled to a warrantless entry
upon the Unocal Facilities under the SDWA (and EPA does not waive this legal
position by this application), in order to assure peaceful acquiescence by
the owners and operators of the Unocal Facility to the EPA action, EPA
applies for this warrant.

F. The United States Supreme Court decisions in Camara v.

Municipal Court, 387 U.S. 523 18 L.Ed. 2d 930, 87 S.Ct. 1727 (1967) and
Marshall v. Barlow's Inc., 436 U.S. 307 56 L.Ed. 2d 305, 98 S.Ct. 1816

(1978), provide ample authority for this Court to issue a warrant where a

statute, such as the SOWA confers a right of entry. See also Bunker Hill v.

EPA, 658 F.2d 1280 (9th Cir. 1981) and Accord Public Service Co. of Indiana

v. United States Environmental Protection Agency, 509 F. Supp. 720 (S.D.

Ind. 1981). The standard for probable cause justifying the issuance of an
administrative search warrant, less rigorous than for a search and seizure

warrant in a criminal investigation, requires only a showing of either

administrative standards® for conducting a particular inspection, Marshall

v. Barlow's Inc., 436 U.S. 307, 320 56 L.Ed. 2d 305, 98 S.Ct. 1816 (1978):

For purposes of an administrative search such as this,
probable cause justifying the issuance of a warrant
may be based not only on specific evidence of an
existing violation but also on a showing that
reasonable legislative or administrative standards for

APPLICATICON FOR WARRANT - Page 3
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conducting an inspection are satisfied with respect to

a particular establishment.* Camara v. Municipal

Court, 387 U.S. 523, 538 18 L.Ed. 2d 930, 87 5.Ct.

1727 (1967).

G. The EPA has reviewed available information and has determined
that Unocal has not acted and is not acting in compliance with its permit or
Part C of the SDWA, 42 U.S.C. 300h et seq. Steinborn Affidavit at
paragraphs 10 and 11. In addition, past practice of providing prior notice
of an inspection may have resulted in the concealment of violations.
Steinborn Affidavit at paragraph 16. Further, if EPA was denied warrantless
access, the geographic remoteness of the Unocal Facility would preclude
subsequent inspection by EPA this year. Steinborn Affidavit at
paragraph 10. Finally, EPA seeks a warrant to assure peaceful acquiessence
to EPA actions by the owners and operators of the Unocal Facilities.

H. EPA has established requisite probable cause, and has shown

reasonable legislative and administrative standards, satisfying the

requirements set forth in the Barlow and Camara decisions, supra, to allow

for a warrant to issue.

I. In this case, EPA has demonstrated that (1) EPA has reason to
believe that a violation has occurred or is occurring {Steinbora Affidavit
at paragraphs 10 and 11); (2) investigations, sampling, and other response
actions are necessary and/or appropriate to ascertain the nature and extent
to the violations which have occurred at the Unocal Facilities {Steinborn
Affidavit at paragraph 13); and (3) consent for EPA and its officers,
employees, representatives to enter upon the Unocal Facilities to carry out
any response activities described herein has not been requested because of

the need for surprise to assure noncompliance is not concealed, and given

APPLICATION FOR WARRANT - Page 4



10
n
12
13
14
15
16
17
18

19

21

S

]

aem (B0 183
1876 DOJ

the remote geographic area subsequent inspections by EPA this year would not
be economically possible if access is denied (Steinborn Affidavit at
paragraph 16).

J. It is estimated that the activities for which this warrant is

sought will take two (2) working days to complete beginning on Thursday,

August 6, 1987. Should two (2) days prove to be an insufficient period of

time for the EPA to conduct such activities due to circumstances unforeseén
at this time, the United States will apply to this Court for an extension of
any warrant granted by this Court.

A form of warrant is attached to this application.

DATED this day of August, 1987.

Respectfully submitted,

MICHAEL SPAAN
United States Attorney

By:

MARK ROSENBAUM
Assistant United States Attorney

By: lyLO"/Afﬂ .
MONICA KIRK

Assistant Regional Counsel
U.S. Environmental Protection Agency

APPLICATION FOR WARRANT - Page 5
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Michael R. Spann

United States Attorney
District of Alaska

Federal Building, Room 252
701 C Street

Anchorage, Alaska 99513

U.S. DISTRICT COURT
DISTRICT OF ALASKA

Civil No. RQ7’83'W

WARRANT FOR ENTRY AND
INVESTIGATION PURSUANT
TO SECTION 1445 OF THE
SAFE DRINKING WATER
ACT, 42 U.S.C. §300j-4

IN THE MATTER OF:

UNOCAL CORPORATION
Kenai Gas Field
Anchorage, Alaska

et Nt e e Mt e ot ot

TO: THE UNITED STATES MARSHAL FOR THE DISTRICT OF ALASKA AND ANY OFFICER,
EMPLOYEE, OR DESIGNATED REPRESENTATIVE OF THE UNITES STATES ENVIRONMENTAL

PROTECTION AGENCY.

An affidavit by Daniel Steinborn of the United States
Environmental Protection Agency (EPA), having established that the need to
determine whether Unocal Corporation acted or is acting in compliance with
its EPA emergency permit and Part C of the Safe Drinking water Act,

42 U.S.C. §300h, in its operation of the Alaska Unocal Facilities, namely,
{a) XU WD-1 located at T.5N, R.11W, Section 31, 1/4 Section S5E, 606 feet
from the south line and 2297 feet from the east line in the Alaska Kenai Gas
Field and (b) Poppy Lane Gravel Pit located at W 1/2, SW 1/4 Section 27 TSN,

R.11W Seward Meridian, Alaska, and Unocal's Alaska offices on behalf of the

WARRANT FOR ENTRY AND INYESTIGATION - Page |
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EPA, having established that the issuance of this warrant is constitutional,
and that the right of the EPA to enter and investigate the Unocal Facilities
is authorized by the Safe Drinking Water Act, (SDWA), 42 U.S.C. §$300f; and
this Court having found that reasonable grounds exist for issuance of a
warrant for entry and investigation of the Unocal Facilities:

IT IS HEREBY ORDERED that upon service of this Warrant upon a duly
designated representative of the Unocal Corporation, officers, employees and
designated representatives of the EPA, including employees of the State of
Alaska Department of Environmental Conservatijon (ADEC) and the Alaska 01l
and Gas Conservation Commission (AOGCC), and the United States Marshal,
shall be permitted to enter upon the property described as:

a. KU WD-1 located at T.5N, R.11W, Section 31, 1/4

Section SE, 606 feet from the south line and 2297 feet

from the east line in the Alaska Kenai Gas Field.

b. Poppy Lane Gravel Pit Tocated at W 1/2, SW 1/4 Section
27 T5N, R.11W Seward Meridian, Alaska.

c. The Unocal Corporate offices located in Anchorage,

Alaska.

IT IS FURTHER ORDERED that officers, employees and designated
representatives of the EPA, including any employees of the State of Alaska
Department of Environmental Conservation (ADEC) and the Alaska 0il and Gas
Conservation Commission (AOGCC), and the United States Marshal, shall be
authorized and permitted to enter and, as necessary, to re-enter the
above-described premises during the hours of 3:00 a.m. to 6:00 p.m., on

August 6 and 7, 1987 to conduct thereon the following activities:

1. A detailed walking inspection of the entire inspection site and
gravel pit;

2. The taking of samples, collected at sample ports and/or drums and
tanks via sample containers and/or thiefs, from injection waste
streams and reservoirs/containers that may contain waste intended
for injection into well KU WD-1;

WARRANT FOR ENTRY AND INVESTIGATION - Page 2
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3. The examination of records files, papers, processes and controis
required by permit to be found at the Unocal Facilities;

4, The taking of photographs; and

5. Any additional activities, including interviews and conferences,
as necessary to ascertain compliance or noncompliance with permit
conditions.

IT IS FURTHER ORDERED that a copy of this Warrant shall be left at
the premises at the time of investigation.

IT IS FURTHER ORDERED that a brief inventory identifying any
materials removed form the premises shall be furnished by EPA the the owner,
operator, or representative of the Unocal Corporation.

IT IS FURTHER ORDERED that the duration of the entry,
investigation, and activity authorized by this Warrant shall be of such
reasonable length to enable the EPA to satisfactorily complete the
above-described activities, but in no instance shall entry be permitted for
longer than ten (10) working days from the date hereof.

IT IS FURTHER ORDERED that the United States Marshal is hereby
authorized and directed to assist officers, employees, and representatives
of the EPA in such manner as may be reasonable and necessary to properly
execute this Warrant and all the provisions contained herein.

IT IS FURTHER ORDERED that a prompt return of this Warrant shall
be made to this Court within twenty (20) days from the date hereof, showing
that this Warrant has been executed, and that the entry and activities
authorized herein has been completed within the time specified above.

Dated this Z- day of August 1987.

(‘M N ((“ -xfl-:‘

.
Unigsd States Magistrate

g
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INVENTORY OF PROPERTY RECEIVED
PURSUANT TO WARRANT

While conducting the entry and inspection of the Unocal Facilities
on the 6th and 7th days of August, 1987, I, Glen Bruck seized certain

property.

The following is an inventory of the property seized:

I hereby swear and affirm that a receipt for the property was signed by me

and Teft with Ao ¢ Som, 2h Koo bus Frolt §oienin
T




RETURN OF SERVICE

I hereby certify that a copy of the within Warrant was served by
presenting a copy of the same to _ Bob C. Swith , an agent

of Unocal Corporation on August 6, 1987, at the Unocal facilities in Alaska.

éguu /fﬂl;léé/

Glenn Bruck

y‘/’-fﬂﬂ(’[)/@[/% 7L/
Official Titla/ Jd

RETURNM

Inspection of the establishment described in this Warrant

completed on August 7, 1987.

g[{‘:?v‘ 5&5/(/

Glenn Bruck




10

n

12

13

14

15

16

17

18

19

21

23

24

26

27

8

form OBD-1A3
128.76 DOJ

Michael R. Spaan

United States Attorney
District of Alaska

Federal Building, Room 252
701 C Street

Anchorage, Alaska 99513

U.S. DISTRICT COURT
DISTRICT OF ALASKA
IN THE MATTER OF: Civil No.
AFFIDAVIT IN SUPPORT QF
APPLICATION FOR WARRANT
FOR ENTRY AND INVESTIGATION
PURSUANT TO SECTION 1445
OF THE SAFE DRINKING WATER
ACT, 42 U.s.C. §300j-4

UNOCAL CORPORATION
Kenai Gas Field
Anchorage, Alaska

I, Daniel I. Steinborn, being duly sworn, state as follows:

1. I make this affidavit in support of the attached warrant
which is sought pursuant to the authority of the Safe Drinking Water Act,
42 U.S.C. §300f et seq. I base this Affidavit on personal knowledge,
discussions with representatives of Unocal Corporation and my review of
government and other records.

2. I am a Supervisory Environmental Protection Specialist in the
Water Division of the United States Environmental Protection Agency (EPA),
Region 10, Seattle, Washington. [ have been employed in the Water Division
of the U.S. EPA, Region 10, since 1976.

3. Since February 1987, ! have been the Chief of the Underground

Injection Control (UIC) and Program Support Section, Drinking Water Branch

AFFIDAVIT IN SUPPORT OF APPLICATION FOR WARRANT - Page 1
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Water Division, Region 10 of the EPA. I am responsible for supervising
EPA's implementation of the UIC program in Region 10.

4, I received a Bachelor of Arts degree in Political Science at
Western Washington State College, Bellingham, Washington in June 1969. I
received a Master of Public Policy degree at the University of Michigan,

Ann Arbor, Michigan in 1980.

5. In my capacity as Chief of the UIC Section, I am responsibie
for directing and coordinating the regulation and investigation of injection
well KU WD-1 which is located in the Kenai Gas Field, Alaska and the Poppy
Lane Gravel Pit site which is located near Meridian, Alaska. Both sites are
owned and operated by Unocal Corporation (Union 0il Company of California)
and are subject to the underground injection control (UIC) program of Part C
of the Safe Drinking Water Act, 42 U.S.C. §300h et seq.

6. KU WD-1 is located at T.5N, R.11W, Section 31, 1/4 Section
SE, 606 feet from the south line and 2297 feet from the east line in the
Alaska Kenai Gas Field. The Poppy Lane Gravel Pit site is located in the
W 1/2, SW 1/4 of Section 27 T5N, R11W Seward Meridian, Alaska.

7. KU WD-1 is operated subject to permits issued by EPA,
pursuant to 42 U.S.C. 300h-3, and Alaska 0il and Gas Conservation Commission
(AOGCC) which has received delegated authority from EPA to requlate Class I[I
injection wells in Alaska.

The EPA emergency permit s issued for operating a Class Il
produced water well. The AOGCC permit authorizes the disposal of

non-hazardous ¢il field wastes b

injection of hazardous wastes.

AFFIDAVIT IN SUPPORT OF APPLICATION FOR WARRANT - Page 2
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8. In addition to injecting wastes generated by producing wells
in the Kenai Gas Field, KU WD-1 is allowed to inject wastes obtained from
the Poppy lLane Gravel Pit. Portions of the gravel pit were used for
uncontrolled refuse disposal prior to and after Unocal's purchase in 1965.
The site has also been used for disposal of construction and demolition
debris, plus peat and soils not suitable for construction. Some of this
waste may have been contaminated with gas well condensate.

9. Contamination investigations of the Poppy Lane Gravel Pit
site have been conducted by the Alaska Department of Environmental
Conservation {ADEC) since 1985. An extraction well located in the north
west corner of the gravel pit has been used for removal of contaminated
ground water, These waste fluids were transported and injected into KU
WD-1. This action is allowable under the EPA emergency permit so long as
Unocal demonstrates that the injected fluids are equivalent in composition
to produced waters.

10. On or about November 14, 1986, EPA requested that Unocal
demonstrate that the injected fluids are equivalent in composition to
produced waters from the Kenai Gas Field. The analyses were incomplete and
a chemical analysis of the actual injectate was not provided. EPA notified
Unocal on May 27, 1987, that the demonstration was insufficient. Unocal has
failed to provide further information and has, thereby, not demonstrated
produced water equivalence.

11. Unocal's EPA permit establishes a maximum injection pressure
of 1100 psi. Unocal's exceedence of the maximum injection pressure in
October 1985, November 1985, February 1986, March 1986, April 1986 and

August 1986 was confirmed.

AFFIDAVIT IN SUPPORT OF APPLICATION FOR WARRANT - Page 3
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12. On April 10, 1987, EPA informed Uinocal by letter that it was

in violation of the permit and that corrective actions were necessary.

13. In order to evaiuate compliance with all permit conditions

and to determine the operating status of the facility, EPA must enter and

investigate the Unocal KU WD-1 injection well site, the Poppy Lane Gravel

Pit and the Unocal office in Anchorage, Alaska {Unocal Facilities).

14. The following investigative activities must be performed at

the Unocal Facilities:

(1) A detailed walking inspection of the entire inspection site and

(2)

(3)

(4)
(5)

gravel pit;

The taking of samples, collected at sample ports and/or drums and
tanks via sample containers and/or thiefs, from injection waste
streams and reservoirs/containers that may contain waste intended
for injection into well KU WD-1;

The examination of records, files papers, processes and controls
required by permit t> be found either on-site or at Unocal's
offices;

The taking of photographs; and

Any additional activities, including interviews and conferences,

as necessary to ascertain compliance or noncompliance with permit
conditions.

15. The above described activities should take approximately two

days and can be completed on August 6 and 7, 1987.

16. Because (1) injection activities are subject to easy and

immediate alteration thereby concealing violations, (2) prior notice of the

inspecty

on

uror
|

in previous years has resulted in the appearance of concealment,

IN SUPPORT OF APPLICATION FOR WARRANT - Page 4
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and (3) the remoteness of the site from Seattle precludes, for economic
resource reasons, further EPA inspections in the event access is denied
without prior notice, a warrant is necessary to ensure surprise and

quarantee entry.

Duad O Skl

Daniel I. Steinborn

Subscribed and s :orn to before me this iﬁD/*‘ day of July, 1987,

L

NOTARY PUBLIC

AFFIDAVIT IN SUPPORT OF APPLICATION FOR WARRANT - Page S
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APPENDIX G
BASIC BALANCE PLUG JOB

A cement plug may be set anywhere in a hole that is static. To set a balanced
plug, the height of each fluid inside and outside the work sitring must be
equal. In order to do a balanced plug job, certain volumes and heights of
flulds must be calculated. These include volume of cement In cubic feet and
sacks, mixing water for the cement, displacement fluid required to spot the
cement, and (if water is run ahead of the cement) the volume of water required
behind the cement to balance the water ahead.

A plug job could be as follows: set a 200 ft plug of Class A cement, 15.6
Ib/gal, In an 8 3/4 in. open hole with 15 bbl of water run ahead of the
cement. The plug Is to be spotted through a work string of 4 1/2 in. EU 16.6
[b/ft drill pipe. The drill pipe is run to a depth of 6,000 ft (which will be
the bottom of the cement plug). There Is mud In the hole.

The first calculation would be the cubic feet of cement required for the job.
Since a 200 ft+ pl Is to be left in the open hole, go to the Cementing
Tables, Sectlon 210", for capacity of the open hole In cu ft/lin ft and find

0.4176 cu f+/1in ft x 200 f+ = 84" cu ft

Class A cement mixed at 15.6 Ib/gal is to be used for the job. Slurry
properties for Class A cement are In Section 230 of the Cementing Tables. For
15.6 Ib/gal, the water requirement Is 5.2 gal/sk and the yleld Is 1.18 cu
ft/sk. With this Information, the sacks of cement can be determined by
dividing the cubic feet required by the yield of a sack of cement.

84 cu ft
- = 71 sk
1.18 cu ft/sk

Once the number of sacks has been determined, the volume of mixing water can
be calculated from the slurry properties obtalned for the Class A cement In
Sectlion 230. Each sack of cement requires 5.2 gal/sk; therefore,

71 sk x 5.2 gal/sk = 369 gal of water

369 gal of water
———————————————— = 8.8 bbl of water
42 gal/bbl

Since 15 bbl of water are to be pumped ahead of the cement,
the h ht

we need to
of this water In the annufus. The helg f

10
[

¢

—~ (2N 2%
| &) [OR™

*Section numbers are those found in Halllburton Cementing Tables. Halllburton
Services, Duncan, Oklahcma 1381 or later,

* %
Results rounded to practical signlflcant flgures



water in the annulus must be balanced by the same height of water inside the
drill pipe. The 15 bbl of water ahead of the cement will end up In the
annulus between the drill pipe and the hole; therefore, go to Section 122
(volume and height between drill pipe and hole) In the column headed Ilin
ft/bbl and find 18.2804 |in ft/bbl. Calculate

15 bbl x 18.2804 lin ft/bbl = 274 ft of water In the annulus

There must be 274 ft of water Inside the drill pipe to have equal balance.
The volume requlired in the drill pipe is determined by.going to Section 210 In
the column bbl/lin ft to find .0142 bbl/lin ft for 4 1/2 in. EU 16.0 {b/ft
drill pipe. Since each foot of this drill pipe will hold .0142 bbls, then

.0142 bbl/tin f+ x 274 ft = 3.9 bbl of water
will be required in the drill pipe behind the cement or above the cement.
The displacement necessary to spot the cement plug must now be calculated. In

order to calculate the displacement to spot the plug, the height of the cement
must be determined. Cement height must be the same In the annulus and in the

drill pipe when the plug Is set. Therefore, for each foot of cement height in
the annulus, there should be one foot of cement height in the drill pipe. The
volume required to fill one linear foot of annulus can be found In Section

122, For the 4 1/2 in. to 8 3/4 in. annulus, under the column headed cu
ft/lin ft+, this value Is 0.3071 cu ft/1in ft. To balance the one foot in the
annulus, one foot iIn the drill pipe will require .0798 cu ft/1in ftf. This is
found in Section 210 1n the column headed cu ft/lin ft for 4 1/2 in. EU 16.6
Ib/ft drill pipe. Therefore, one |inear foot of hole with the drili plpe in
the hole has a volume of

L3071 cu ft/1lin ft (annular volume)
+ .0798 cu ft/11In ft (drill pipe capacity)

.3869 cu ft/1ln ft of hole with driil pipe in the hole.

nce the volume of cement for the job was calculated as 84 cu ft, the height

Si
of cement can be calculated by dividing:

84 cu ft
Wlth the bottam of the drill pipe at 6,000 ft, then
6,000 ft+ - 217 ft (cement helght) - 274 ft (water height) =

5509 f+ (mud displiacement depth)



The volume of mud required for displacement is calculated by going to Section
210 for capacity of 4 1/2 in. EU 16.6 Ib/ft drill pipe. In the column marked
bbt/lin ft. find .0142 bbl/lin ft. With this figure, the calculation is

.0142 bbl/Iin ft+ x 5509 f+ = 72,2 bbl
of mud displacement to spot the plug



BASIC BALANCE PLUG JOB is calculated as follows:

PLUG JOB
Set 200 ft plug In 8 3/4
in. hole,

» 4 1/2 in. EU 16.6 Ib/ft
4-1/2" IN., drill pipe to 6,000 f+
16.6 LB/FT
DRILL PIPE Class A cement mixed at

j-—ﬂ-—--—'— — 15.6 Ib/gal

8-3/4" HOLE 15 bbl of water ahead
MUD
‘CALCULATE
WATER 1. Volume of cement in
27227 ¢ cu ft
%7/% CEMENT 6 "
/1 /1 cu
6,000 FT.
Number of cement
sacks
MUD 71 sk

3. Mixing water in bbl
8.8 bbl

4, Water behind cement
In bbi

3.9 bbl

\n
.

Mud displacement In
bbl

78.2 bbl

1.  Capaclty of 8 3/4 in hole
L4176 cu ft/ft x 200 ft = 84 cu ft
2. Sacks of cement
84 cu ft

1.18 cu ft/sk



3.

Mixing water

71 sk x 5.2 gal/sk = 369 gal
then
369 gal
--------- = 8.8 bbl
42 gal/bbl
Water behind

V and H 18.2804 ft/bbl x 15 bbl = 274 ft
Capacity 4 1/2 In, drili pipe .0142 bbl/ft x 274 ft+ = 3.9 bbl
Mud displacement

Helght of cement - V and H

4 1/2 in, x 8 3/4 in, .3071 cu ft/lin ft
Capacity 4 1/2 in., 16.6 Ib/ft + .0798 cu ft/lin ft
drill plpe .3869 cu ft/lin ft

84 cu ft

-= = 217 ft of cement
.3869 cu ft/lin f+

6,000 ft+ - 217 ft of cement - 274 ft+ of water = 5509 ft of
dril] pipe to be displaced with mud

Capacity 4 1/2 in. EU 16.6 Ib/ft drill pipe

.0142 bbl/ft x 5509 ft+ = 78.2 bbl

G -5



or:

USEFUL BALANCE PLUG FORMULA

BARRELS OF FRESH WATER AHEAD WHEN BARRELS OF FRESH WATER
HIND IS GIVEN

The total volume of fresh water ahead of the cement plug is
the product of the annufus capacity times the volume of
fresh water behind the plug divided by the volume of the
drill pipe. To calculate thls volume In barrels use the

following formula:

(VA) (VFWB)
R
(VDP)
re:

VFWA = Volume of fresh water ahead of the cement plug In

barrels
VDP = Volume (capaclty) of the drill pipe In barrel/foot
VA = Volume of annular space between the drill pipe and

open hole or casing In barrels per foot
VFWB = Volume of fresh water behind the cement plug in

barrels
Barrels of fresh water ahead of cement = (feet/barrel o
fhamemmn | [ famd Af anmniiliiceY o fharrale ~AfF froch watar hahinAd)
\wai | iy 10T Vi aiiiui uo; A \wuQir 1 ol o Wi i1 SOl wa 1w WSt 1TU /e
gARDE C NF FRDECW WATED AFUIND WUCN RADDREF © NF rprcu WATER
ATV Lahe W L A I LN AR AN IS A AR S A N> A R AT S SR V] I AN I AR AN
AHEAD IS GIVEN
The total volume of fresh water behind the cement plug is the volume of
the fresh water ahead divided by the product of the drill
times the annulus capacl!ty. To calculate this vclume In barrels use the
following formula:

FUNDY f YW AN
\Yuwib o vvinny
\/A
LEa)
Lbom e b b e d P g W PP B P S
e SYympOils and unilit> are e baile as 1 1. albUve

f driil

nine capacity
Dipe capac!ty



or:

(feet/barrel in annulus) x (barrels of fresh water ahead) = Height of
fresh water In annulus (HFWA) in feet; and (HFWA) x (barrel/foot in drill
pipe) = Barrels of fresh water behind the cement.

3. HE IGHT OF CEMENT WITH DRILL PIPE IN
The vertical distance covered by a cement plug before the drill pipe is
withdrawn from [t Is the total cement siurry volume divided by the sum of
the capacities of the drill pipe plus the annular space between the open
hole or casing. To calculate this distance In feet use the following
formula:
TSV
HDC = ===m——emee—-
(VDP) + (VA)
where:
HOC = Height of cement column In feet
TSD = Total cement slurry volume in barrels
VDP = Volume (capaclity) of drill pipe In barrels/foot
VA = Volume of annular space between the drliil pipe and
casing or open hole In barrels/foot
or:
(barrel/foot of drill pipe) + (barrel/foot of annulus) = total
barrels per foot (TBPF), and the (total slurry of volume In barrels) -
(TBPF) = height of cement (HOC).
4, T NC
The volume of mud required to displace and balance the cement plug Is the
sum of the total depth of the dril! pipe minus the height of cement minus
the helght of water times the volume (capacity) of the drili pipe. To
calculate the volume of mud required to balance the system In barrels use
the following formula:
MTB = (TDP - HOC - HOW) x (VDP)
where:
MTB = Volume of mud to balance in barrels
TOP = Total depth of drili pipe In feet
HOC = Helght of cement plug In feet
HOW = Height of water In feet
or:
(total footage of driil pipe) - (helght of cement column in feet) -
(helght of water column in feet) = helght of mud column (HOM), and (HOM)
x (barrel/feet of drill plpe) = mud to balance.
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SCHEMATIC WELL DIAGRAMS

SHOWING PLUG LOCATIONS
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I:1 - I:5

APPENDIX I

WELLHEAD CONFIGURATION AND MONITORING

I:1 Fuipment and Instrumentation

I:2

I:3

I:4

Surveillance of an imjection operation is primarily one of monitoring
certain critical operating parameters at the wellhead. The greatest risk
of escape of injected fluids is normally through or around the outside of
the injection well itself, rather than through semi-impermeable confining
beds, fractures, or umplugged wells., This section describes wellhead
equipment and instrumentation used to monitor the integrity of an
operating well.

Pressure- ard flow- measuring instrumentation are of primary importance
in monitoring an injection well. Miscellanecus parameters such as pH,
temperature, wastewater chemistry, etc. may also be measured.

Process Flow Diagram

Ask the operator for a process flow diagram; with this you will be able
to locate and identify instrumentation of special interest to you.
Figure I.1 is a piping and instrumentation diagram (P & ID) around a
Class I wellhead. Class II wellhead egquipment is usually simpler (see
Figure I.2).

Instrument Specifications

Ask for specification sheets for the monitoring instruments. A
manufacturer's catalog will furnish detailed infarmation on instrument
calibration procedures, sensitivity, materials of construction and parts
identification.

Meters and Gauges

As you inspect a well facility you will see pressure gauges located on
the wellhead and/or wellhead piping. A flow meter will generally be
located on the injection pipeline, whereas all recorders and totalizers
are normally found in a control roam or operaticns shelrter.

Wellhead Configuration
Functions of Wellhead Bgquipment

The wel 1hoad 1c nieod o m21hf‘::1h Smﬁ{::r‘e control O‘f rha 11 Tr

LT Y > L O (UL DL UR S Y - e 18

usually made of cast or forged steel, machined to a close f to form ¢
seal and prevent well fluids fran blowing out or leaking at ue surface.
Heavy fittings with parts designed to hold pressures up to 20,000 lbs per
s in (psi) may be fourd on sane. Other wellheads may be just simple
1ssemblies to support the weight of the tubing in the well, not made to
hold pressure (Figure I.2).
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Well Camponents

The wellhead consists of casing head, tubing head, valves and pressure
gauges.

1. Casing Head

During the drilling of the well, as each string of casing is run into the .
hole, it is necessary to install heavy fittings at the surface to which
the casing is attached. Each string of casing is supported by a casing
head already installed at the top of the next larger string of casing
when it was run.

Each part of the casing head usually provides for the use of "slips"
(gripping devices) to hold the weight of the casing. The casing head is
used during drilling and workover operations as an anchor base for
pressure-control equipment.

2. Tubing Head

The tubing head is similar in design; it sits on top of the uppermost
casing head. Its most important functions are to:

o) Support the tubing string

o) Seal off pressures between the casing ard ocutside of tubing at the
surface

0 Provide cormections at the surface with which the flowing liquid can
be controlled

In same wells that have only one string of casing, the casing head may
not be used and the tubing head is supported on the top of the casing at
or near grourd level. Tubing heads vary in construction depending on the
need to withstand pressure.

The tubing head must be easily taken apart and put together to facilitate
well~servicing operations. Many different types have been developed for
use under high pressures, with different designs and pressure ratirgs to

£ 36 e e

fit expecred well conditions.
3. Valving and Piping above the Wellhead

Injection wells that are expected to handle corrosive fluid (or high
pressure} are usually equipped with special, heavy valves above the
casing head (cor tubing head). This group of valves (called a Christmas
tree because of its shape and the large number of fittings), controls the

flav of fluid into the well.

Pressure ¢auges are used to measure the annular and tubing preossures.
The pressures are monitored for injection control and to conply with 77TC
roculavions.,
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Injection Pressure Measurement

Injection pressure is monitored to provide a record of reservoir
performance and to document compliance with regulations. Injection
Pressures are limited, to prevent hydraulic fracturing of the injection
reservoir and confining beds and to prevent damage to well equipment. As
with flow data, injection pressure should be continuously recorded.

A continuous recording will tell whether injection operations have been
without incident. Increases in wellhead pressures can indicate formation
plugging, tubing or packer restriction, or increase in reservoir
pressure. Decreases in pressure can mean fracture of reservoir rocks,

fracture of confining layer(s), or loss of external mechanical integrity.
Equipment Maintenance

Pressure indicators and recorders regquire periodic service. Lack of
maintenance can vield poor data A test gauge can be used to check the

Al LI Al I o LCe £ LS B e Y I A" L LU UN S Lw U0 L W 8 L)

accuracy of the operat:or S gauge.
Pressure Gauges

The Bourdon Tube pressure gauge is the type generally used for measuring

wel lhead pressures. Gauges are available to cover pressure ranges of 0

Ldledud Mool Toe QLGS QLT vail il Cooslllc lally

to 5000 psi or higher. They are offered in a variety of materials to

resist corrosive fluids.

Pressure Recorders

Circular chart recorders are freguently used to record pressures. They
are driven clacks available in a variety of time cycles: ane to
several hours, half-day, full day, week, etc. (Figures I.3 and I.4).
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graphic displays while campiling permanent historical records.
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Imjection Flow Volune and Rate Measurements
Purpose of volume measurement:

The purpose of monitoring the injected volume is to permit estimating the

radial distance of injection fluid dispersion, to allow for
interpretation of pressure data, and to provide a permanent .reco.d. This
record provides evidence of campliance, aids 1n interpretacion of well

behavior, and may signal the need for well maintenance.

Flow meters also require reqular meintenance. COrrenL flow rate readings
are necessary for the proper interpretacion of pressure changes. The
accuracy of a flow meter can be (:heckod by: (a) c't.mparjnq its

perf ormarn campar ing o reosdings
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with rates calculated by dbserved changes in volume in a tank over a
measured time period; or (c) camparing its readings with rates calculated
while filling a container of known volume over a measured period of time.

If positive displacement pumps are used, flow measurements can be checked
against the volumetric discharge of the pump. Pump strokes are counted
for a specified period of time, say one minute, and the number of strokes
multiplied by the discharge volume of the pump in gallons per stroke.
Tables containing volumetric discharge data for various models of duplex
arnd triplex punps using different liner sizes are fourd in Apperdix I.

Flow Regulation

Where positive displacement punps are not used, flow may be controlled by
special valves or by flow-cantrol chokes. The autamatic valve is used at
the wellhead to adjust autamatically to pressure changes. It consists of
a valve body, an actuator (closing mechanism), and a pilot ({sensing
assembly). Its function is to protect both the well and the reservoir.
When a pressure change occurs (indicating a leak) the autamatic valve can
stop the flow. Same valves are designed to close gradually to avoid
destructive surge phenamena.

Camon Types of Flow Meters and Recorders

Propeller (or turbine) meters and magnetic flow meters are cammonly used
to measure flow through pipe lines. Other types are venturi tube meters,
ultrasonic meters and rotameters. The flow recorders will be identical
to those used for pressure recording. Often flow and pressure will be
traced on a single chart; in this case, a different color irk is used for
each record.

Miscellaneous Measurement

Check the permit tc determine if measurements cother than flow rate and
pressure are required;

o) If the injected fluid is corrosive, pH may be (continuously)
measured. Corrosion measurements may also be made.

If fluid tamperature is important, it may be measured.

(@]

o) In sare wastewater streams suspended sol ids measurement is important
as a measure of the tendency to plug the receiving formation.

o Chamnical analysis of injection water may be periodically corducted
on grab samples to check campatibility or to identify constituents.
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Anmmlus and Manifold Monitoring Systems
Armmilus Pressure Monitoring

An annulus pressure monitoring system can reveal the loss of mechanical
integrity before erwirormental damage is done. This is very important in
Class I injection wells.

Pressure in the casing-tubing annulus of Class I wells should be
monitored to detect changes that might indicate leakage through the
injection tubing or the tubing-casing packer. Any unexplained change in
annulus pressure should call for investigation of the cause.

Armlus Fluid Level Monitoring

The fluid level in the annulus of a well having casing and injection tube
(but no packer) can be monitored by an electrode suspended in the
anmil us.

In the same kind of construction, i.e., no packer, a corrosive liquid can
be pumped down the injection tubing while a non-corrosive liquid is
pumped simultanecusly down the anmulus at a slightly greater pressure.

In another variation, a non-corrosive hydrocarbon -- such as kerosene --
floats in the anmulus on top of the water. The interface between the
hydrocarbon and the water ~- or injection fluid -- is maintained
constantly at a predetermined level.

Manifold Monitoring for a Cluster of Wells

Monitoring requirements are less stringent for (Qlass II wells. Annulus
monitoring is not specifically required. Where well density is high,
manifold monitoring may be practiced. Flow and pressure measuring
instruments are installed at locations where each manifold feeds a number
of wells. Injectivity of each cluster of wells is monitored
continuously.
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Pump Discharge Pressure (psi)
Pump Discharge Volume (gal./stroke)

Marvtacturer: BETHLEMEM ~ Dupiles
Model Max Max Sooke Rod Lirner Size {sn)
ILM.P. SPM. Length Size | 43/4 5 Su4 | 512 534 6 614 612 &34 7 714 72! 734 8
22 225 60 “ 2 - 1249 121 ' 1016 924 845 | 775 714 659 | 610 568 528 | 495 483
- <4 49 | se4 59 65| 71 77 83l 8s 98 103! nog s
125 25 60 16 2-1/4‘ - 1610 1450 | 1310 1190 1085 | 995 910 B4S | 780 725 675 | 650 590
- 49 55 | 60 66 22| 729 86 93 ' 106 0.8 116 128 132
450 40 60 16 21/2| - 2300 2055 | 1855 1680 1530 ! 1400 1287 1186 | 1098 1018 945 . 884 826
- 48 §3 | 59 65 71 | 78 85 82 100 108 116 123 131
600 600 55 18 21/2| - 2965 2650 | 2395 2293 1972 | 1808 1660 1530 | 1415 1312 1220 | 1141 1068
- s3 &0 | 66 173 80 | 88 35 104 | 112 121 130 138 148
81640 1998 90 16 32| - - - - - 4570 - 3900 - [3360 - 2820 - 2570
- - - - - 6.5 - 79 - 193 - 10.9 | - 126
G35 468 100 14 218 - 1488 - |17 - 031 ] - 878 - 757 - 660 - 580
- 43 - 53 - 6.4 - 76 - ' 89 - 103 l - 118
G4S 606 100 6 212| - w91 - 1397 - 1| - w000 - I 863 - 51 } - 660
- a8 - 59 - 7.1 - 8s - o - 1ne ! - 121
G&5 8§74 100 1§ 212{ - 2460 -~ |2033 - 1708 -~ 1456 - 3255 - 1093 . - 961
- 48 - 59 - 7.1 - 85 - l1wo - ne il - 131
G856 1212 100 1 2% ' -~ 66 - |2534 - 2129 | - 814 - 1564 - 1383 | - 1198
- 52 - 6.5 - 79 - 94 - 1 - 12.8 - 14.7
25 D6 100 122 2 1383 - nR| - 94d - 799 - 685 ‘ - 593 - \ - -
a4 - 42 1 - 51 - 3] - 7 - 82 - - -
"-150 177 65 12 2 1180 - 948 [ 855 !9 711 | 653 600 555 | 515 478 - | - -
34 - 42 | 48 & §5 | 61 66 11 77 82 - l - -
Manutacturer: CONTINENTAL-EMSCO ~ Duptex
Moel I Max Max Suoke Rod T Lener Sure (1)
IHP SPM Lengtn Sure | 4172 43/4 5§ | 514 S1/2 Sle | 6 &1/4 6&V/2 ' 63/a 7 714 1 7472 |
D-128 125 85 10 tla| se0 748 670 | 604 548 499 | 456 419 386 | 357 326 308 |, -
28 29 12 1s 19 43 a7 51 55 6.0 64 6.9 } -
D-17s 175 7S 12 wws| 1130 1000 898 | 807 131 666 { 608 558  S14 | 475 - - | -
30 34 18 42 46 S1 | 56 6.1 66 | 71 - - 0 -
D-22% 25 10 12 V1B | 1851 1379 1204 ' N 1007 96 t a8 769 08 654 607 s . -~ |
30 34 38 42 46 51 56 6.1 66 | 71 77 By - !
D-300 00 7 . 2 = 1600 1430 | 1280 1162 1060 | 965 886 81S | 754 698 650 , 602 |
- 19 4 49 5.4 59 [ 65 71 17 | a3 a9 96 | 103
D378 Io3s 7 € 2 | - 1991 1777 | 1600 1451 1118 ’ 11% 1108 1018 | 939 87 810 | a4 |
| ' - 19 “a l a9 Sa 59 | 65 71 IR ¥ 89 956 ' 103 !
DA-500 | 500 6% 6 22| - 2720 280 | 2100 902 NG | 1566 1435 XY 1 3225 9932 1035 970 ¢
| - .2 a8 | 53 59 ' TERERA 78 8s | 92 160 108 116 °
08550 | 550 6 16 212 | - 915 7580 | 7317 200 94 | 12 1ST7 a9 | 106 1235 1146 1067
X - 42 et | 53 59 85 | 1 78 Bs | $2 100 ‘08 116
08700 l 00 68 16 234 l - - -] - 727 2483 | 1236 2084 1875 | 1726 1593 1478 1374
DA. 700 - - - ] - 58 6a 70 77 84 ' 91 98 06 114
o8- 880 l 830 o3| - - - ] - - 295 ! 2680 2440 2240 | 2055 1895 1758 1629
casss | - - - i - - 10 ' 71 24 92 1 w00 109 1Y 27
pCiooo | 1000 80 18 3 - - - l - - Mm0 | 213 7N 2635 2418 2129 2068 197
01000 | |- - I - 76 77 84 92 . w0 09 117 12?
OC13sa | 130 . 32| - - - . - - 4470 40S® 3706 0 3387 3123 TBBO 26466
010 | - - - . - - 73 g1 88 96 108 e 123
DCres0 | 180 &0 W v - - .- - - - 5480 4980 %20 - 4146 IS 1820 IME2
oW | [ - - - - - ) v &8 96 108 14 123
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Pump Discharge Pressure (psi)
Pump Discharge Volume (gal./stroke)

Manutacturer CONTINENTAL-EMSCO — Triplex

Modei Rated Rated Stroke Liner Size (in)

IHP SPM Length| 3= 3% 4 | 4% 4% 4% 5 5% 8w | 5% & 6% [ 64 6% 7 | 7% 7w
SR R R A e
£-500 500 165 e 4?%' = 3?!28 3;28‘2 3?.‘;5 2152;2 2‘4;0 2215‘4 2;!%4 '2'24 7;,%9 335%5 1;427 ‘33;1 - - -
£-650 §50 160 8 - - - 4‘2:;7 3,725 3:%1 3%0 227730 22525 223:?’5 2;%8 - 135;6 -.35575 - - -
R N i G ki vl Rk rle Akl - B
e I R s - e e v e I
e I I R N 1 el el b i i A B
e I R R I il d il il
;,\.13003 w0 120 2 | T T T | T o T | %% o 4mpen s uw W s 3z
R RS R e bl il il e ol e

1 Manutacturer ELLIS WILLIAMS CO. - Dupiex K
! " may. Msx. Swoxe Rod Liner Stze (in)
Model | LMP. SPM. Lengmm  Size % 0 % 7
| 1ewa00 400 s 14 PRSI CARE -y ¥ 9 &
15W.600 800 70 18 T TT I A s R+ vy
, 16W-800 800 65 & 2 W N 2. 4@ 9B
[ Manutacturer ELLIS WRLLIAMS CO. — Triplex B
! Moded iUll Max. SuonL Liner Stxe (in) |
: LH.P. S.PM. Lengmn: 2 2 3 3 3, 4 v, 4% 5% 0 a7
R N A - R
Wekal 440 20 [ - - - 2"55 ";n "&%0 v‘tclz 1‘3134 - - - -
Mo ww o we - - - - - - - - 3 RS oAe wpow
R . T < il 3
| ™AS0 850 118 172 - - - - - - . - 4;“0 32”90 1)205. II!‘! 2‘«:‘

W-1000 1000 138 112 - - - - - ~ - - lz?'.o lzl:l 3;1;5 rn' 2:4;‘

R I T A ol s £

WeiToo 17oo 110 :8 - - - - - - - ~ %00 3000 43 uar 3180

w000 2000 110 18 - - - -~ - _ B T R

o TE 0 JaLe DROIGE Metkae

BoNom vane D W Tare v DAme



Pump Discharge Pressure (psi)
Pump Discharge Volume (gal./ stroke)

Manuiscirer GARDNER-DENVER — Dupiea
Mod Max Max Stroke Rod Liner Suze (in)
iHP. SPM (ength Size 5 5-t/4 5-1/2 1 53/a 6 6-1/4 [ 6-1/2 63/4 k4 7-v/4 7-172 7-3/4, 8
FH-FXL 62% 55 20 2-1-2 | 2558 2280 2115 1929 1777 1631 1514 1404 1306 1217 1132 1065 l 1000
$9 67 74 82 89 98 106 1S 125 138 144 155 168
FK-FXK 255 70 42 1163 - 961 - 8o7 - 688 638 £93 543 - -z
44 — 54 - 65 - 7T B3 83 96 - - —
FO-FXO 149 70 10 -3 4 T - 638 - 536 - | 457 423 393 367 - - l -
32 - 39 - a7 - 55 60 654 69 - - —
FOFXQ 320 65 6 2 1319 1259 1132 | 103y 951 876 I 810 751 699 651 605 570 | = l
50 56 61 68 T4 81 a8 95 102 110 118 126 - |
*FXN 400 75 14 2 1692 - 1398 - 1178 - 1001 - 863 ; 805 752 - -
a4 - 54 - 65 - T - 9C ? 36 03 - -
F2Fx2 220 70 12 2 988 - 817 - 686 - 585 542 504 ] 470 - - -
kR4 - 46 - 55 - 66 7 77 82 - - -
GRGXP 625 70 % 2.2 2725 - 2205 - 1825 - 1530 1430 1305 | 1205 - 1055 -
48 - 59 - 71 - as 92 100 108 - 123 -
GR-GXPA 5§50 65 16 2-1°2 | 2400 2140 1990 1820 1670 1550 1425 1320 1225 1145 1070 - -
48 53 59 65 71 78 85 92 100 108 116 - - i
GR-GXR 82% 60 18 2-3/4 - - 2636 | 2510 2218 2028 1887 1750 1627 1517 1418 - -_
- — 65 72 79 86 94 02 11 119 128 - -
G 1250 60 18 3re - - - - 3942 - 3281 3035 2793 | 2580 2400 2232 -
- — - - 77 - 92 101 109 118 127 136 | —
GXN S00 70 14 2-1/4 { 2435 -— 1974 - 1633 - 1377 121 1177 ] 1094 - — | —
43 - 53 - 64 - 76 82 88 95 - - —
GxP 700 70 16 2-1°2 ] 3060 - 2470 - 2040 - 1712 1578 1460 1387 1" - ’ -
48 — 59 - LR - 85 92 00| w08 16 - -
Gx0 350 70 16 2-1.4| 1470 - 1195 - 1000 - 843 778 720 668 - - . -
49 — 60| = 73 — | 86 93 01| 109 - - -
GXR 1000 60 8 234 - - - ~ 3113 2815 | 2578 2373 2194 | 2035 1903 1172 } -
-— — - - 78 86 94 02 111 119 128 137 -
KXF 100 70 16 2-1.2 - - 2470 —_ 2040 - 1712 1578 1460 1357 17 - -
- - 59 - T - 85 92 100 0wa 116 — l -
KXG 1000 60 18 234 - ~ - - 3113 2815 | 25§78 2373 2+94 | 2035 1903 1172 ’ -
- — - - 78 86 X} 102 IR 119 128 37 -
X 1500 60 8 314] - — = P 4845 — | 4025 3640 3350 | 3095 - - -
- - - - 75 - 1 90 W00 'Co 118 - - =
MaredsCiuer GARONER-DENVER — Trpies
hoo Rated Rsted Stroke Liner Size ()
IHP  SPM Length 3 S 1 . an s | sw [ 8. | 64 :
Ing 265 22%¢C 1753 1386 1122 - - - | - -
P8 i as 7 8 7 $ 10 13 16 20 ] - - - ! - - |
- - - - 3150 2650 | 2110 e — s 1300
ey ] 00 160 ’ - - - e e 22 76 - i 30 iy |
p2.7 I es0 165 - - - - - 3556 2880 2380 200¢ - qis A
| } — - - —_ Ta 18 22 28 - 32 -2
; - - 538 4238 3423 2842 2388 2200 - -
PZa | e o | = - - 1 73 1% 20 | 28 29 32 = - |
1 —
: - - - - 5530 a48% | 310 EERIA 287 2650 aoes
| ez 1000 150 s Lz - - D 2 12 13 L) |
A I - - s
I ezv 1 w0 30 wolo= - - 4 - - - $895 4ol - et el
L I I_= - -1 = - - 3 X oAt

* Lner amO avsatiee
na ang 4t
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Pump Discharge Pressure (psi)
Pump Discharge Voiume (gal./stroke)

Manutactorer MALLIBURTON — Triplex

Liner Size (in)

dats

-

ALY ]

SRnanm vosane

Ratea Rated Stroke
Moges IMP SPM.  Lengtn ] 5% s
HT-4CCD 275 75 8 4500 1000 000
20 25 29
Mantacturer IDECO — Duplex
Model Max Max Stroxe Rod Liner Size ()
IMP SPM Length Size [3:3:4 4  4-1/214-3/4 S  5.1/4|51/253/4 8 |61.481/263/4 7 r-1/4 T-1/217-3:4 8
M- 200 200 30 10 1.7.812000 1825 14601 = 1163 - 970 A4 790 - 667 617 - - - - -
17 20 25| — 31 —~ |38 42 46| — 55 59 |~ ~ - | ~ -
Mi-300 300 30 12 2 2500 2380 1830| — 1458 - [ 1188 -~ 985 -~ 832 -~ 712 662 — - -
MM-300GB 20 23 30! - 37 -~ | 48 =~ 65| — 66 — T 82 - - -
MM-45] i 450 30 21el - — 2830|2510 2225 - | 1810 -— 1500 - 1265 165 | 1082 1000 — - -
— - 28132 37 — | 45 — 55| - 65 70 {76 82 ~— - -
MMS50 | S50 &S 1§ 2120 = = — 3120 2775 2480 2235 2020 1845] 1690 1SS0 1425 (1320 1220 - | - -
MWSSF | — = — 140 "es so|'ss &1 s7| 73 80 87 |44 01 -~ | = -
MM-500 ‘ 600 55 6 2.%2| — - - - 2 2540 | 2280 2060 1880f — 1582 1348 ! 1250 1165 — - -
- - - ~ 438 531 %9 65 71| - 85 92 j100 108 — - -
M-700 ’ 700 65 6 2-3/4| - -~ - - - 3038 2730 2470 2246 -~ 1878 — {1535 1487 1375] 1285 =
MAS-700F - - - - - 852 8 63 70| ~ 84 — |93 w6 114} 122 —
sea00n L o000 g ) - - - - - — [ 2810 3250 29501 — 2458 — (2088 19323 179§ '€70 1582
| -~ - - — - — } 52 60 68! — 82 - 97 104 "20 121 129
MM- 1000 000 65 6 3 - - - - - ~ |e020 -~ 322801 ~ 2735 2510 {2325 2155 00| 1860 1740
Mg 100063 | - - — - — - 182 — g8y — #2 g9 lar wa 12} 21 129
M- 1250 1250 6% 8 318 - - - - - - - — 36801 1350 3065 2820 (2600 2400 2230 | 2079 1940
— - - —_ - — — - 75! 84 92 100 | 108 117 126 135 148
M- 1450F | 1450 65 8 3ii§{ - - - - - - - —  &2T0{ 3880 3360 3270 (300 70 550 —~ -
- - - - - - - - 76| 84 91 100|108 17 12%5) = -
V- 1625 | 25 &S 8 338 - - - - - - - —  4920] — 4050 3790 [3430 170 2940| - @ —
; = - = — - — - — T4l — 83 97 1108 115 124 — -
WA 1TSOF | 1750 65 ‘8 338 - - - - - - -~ —  5000| 4800 4380 4020 [3700 3410 3175| - -
- - - - - - - —~ ra| 82 90 98 |06 115 23] — -
Marniac s 1IDECQ = Trigies
Aated Rated Stroke Liver Size (in)
Moae: T SPM Length 4 s | 8w ] ™ Y T
7.500 500 185 a 14 2828 2209 893 1591 1356 1169 =
2 -3 'Y < 9 ja & -
T i - 2 3568 960 2488 272y | 1828 -
s S00 150 * - 9 23 28 33 39 | e -
reo-e o e o | D S 4: | B0 omz o mw o ue -
- & -2 v P IRl B - 4 b4 -
. . . , : - - 5462 a3 1793 232 2Ter 2428
70300 - e 300 20 2 - - 10 # 37 a4 82 C50 ¥
'8 ; . ] - - 3534 3536 YY) 3978 | 3430 568
L T 600 - P 500 130 ' i - N 31 } I .4 52 \1 60 5%
e - v A TaIrare evnare




Pump Discharge Pressure (psi)
Pump Discharge Volume (gal./stroke)

Manutacturer: KATIONAL SUPPLY - Dugiex |
Moasel Max Max Sweke ARas Liner Scze (i)
LHP. SPM. Lengh Sie [ & 414 412[434 5§ SU4A 512 534 6 [6Ve 6172 64| 7  7-Na 1214 8
c1s08 188 12 v - - - - 1205 108S (985 895 820 | IS0 690 640 [ 595 S50 - - -
- - - - 38 42 {458 S1 56| 6! 66 1|77 831 - - -
c-250 320 65 15 2ve | - - - -~ 1810 1625 [1465 1330 1215|1115 1025 945 | 875 810 - ' - -
- - - - 48 51 |56 62 68| 74 81 88|95 102 - | - -
c3s0 @ws e 1 238 | - - - - 2685 2405 [2170 1965 1790 | 1640 150 1390 | 1290 1195 1115 [1040 -
- - - -~ 54 60 (67 74 81188 97 105|113 122 131 {140 -
E-500 %0 70 “ 258 | - - - -~ 3000 267C [2400 2170 1970 | 1805 1660 1530 | 1415 1310 1215 [1135 1060
- - - - 41 46 |53 56 62|68 4 80187 94 0.1!l108 NS
€-700 s 88 % 33| - - - - - - ~ 3000 2480|2085 1780 1535 [ 1260 - - - -
- - - - - - - 61 68|74 81 88|96 - - - -
G700 0 14 258 | - - - - 3535 3175 |28S5 2585 2350 2150 1970 1815 {1680 1560 1450 1350 1285
- - - - 4y 46 |53 s6 62/68 74 80|87 94 1011108 115
G-1000C! 1000 65 1 3| - - - - - - - - I310{3010 2756 2530 |2335 2160 2010 {1865 -
- - - - - - - - 68| 74 81 88 |96 104 312121 -
H-850-A 20 15 28| - - - - - - [3320 2995 2720|2480 2275 2095 | 1935 1790 1665 |1550 1450
- - - - - - |53 83 65! 71 78 84 |91 98 106 |16 122
H-1250 1250 85 1 38| - - - - - - - - 413513765 3445 3165 [ 2915 2700 250§ |35 -
- - - - - - - - 68! 7¢ 81 88 |96 104 12120 -
X-180 10 ® 1 2 - - - |70 1050 945 |8SS 775 710 | 650 600 555 | 515 478 - - -
- - - |28 31 35 |38 42 46!s50 55 59 | 64 69 -~ - -
X-280 m 15 2 2 - - - 1620 1450 1305 [1180 1075 980 (900 830 770 | 70 660 - - -
- - -~ 133 37 42 |46 s 55|60 66 Vv |7y 82 - - -
K-380 3% M “ | - - - 2100 1875 1675 |1S20 1370 1255|1145 1055 970 | 900 835 - - -
- - - |38 42 47 |52 s8 63|69 75 81 [ 88 95 - | - -
X-500 s13 15 258 | ~ - -~ 2735 2425 2170 1950 1768 1505’1-70 1350 1245 11150 1065 990 | - -
X-500- A - - ~ |19 44 49 |55 60 66| 73 79 86 ! 93 100 108 - -
K-700 00 68 1 28 | -~ - - - - ~ |2760 2490 2265|2065 1890 1740 | 1605 1490 1385 I\m 1205
X.700-A - - - - - - Isry 63 69|76 83 90 |98 105 114 122 130
KSH-180 % o 10 2 NI 1510 1320 (1170 1050 94S [8SS IS N0 | - - - - - - , - -
19 22 25|28 31 35 [38 42 48| - - - - - - - -
KSH. 780 2?0 s 12 2 Re0O 2070 1820 [1620 1450 1305 (1180 107S m‘ - - - - - - ' - -
23 26 30 (33 37 42 (a8 51 55| - - - - - - - -
N-1000 1000 65 6 2% | - - - - - -~ |98 3560 3235 295C 2705 2485 {2295 2730 - f - - I
| - =~ =]l = = - |51 63 69118 83 90 |9s w05 - | - -
N-1300 ‘ 1300 6 % 3w |- - - | - - - | - 470 4300|2915 3580 129 3030 20 - | - -
‘ - - - - - - - 6.1 68 | 74 &1 88 | 96 104 -1 - -
N. 1800 | 1800 65 16 e | - - - - - - - - suolauo 4505 4135 |3810 39S - | - -
- - - - - - - - 88 | 73 7§ 87 { 94 02 - 1 - - ]
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Pump Discharge Pressure (psi)
Pump Discharge Volume (gal./stroke)

Marnyfacturer: NATIONAL SUPPLY — Triplex

Modet Ratad Raeted Stroke Liner Size (in}
IHP. SPM. Length Th 4 4% M e S | S% S% SK | 8 6% 6% & 7 7™
4830 3695 - 2920 - 2368 - 1955 - 1645 1515 - - - !
7-p. i
fd S0 188 X | L5 13 - 18 - 20 - 24 - ] 28 1t - - - -
-~ 92 4395 3945 31550 | 3230 2940 2890 | 2470 2280 - - - -]
8P-80 {
80 180 & - - 16 18 20 22 24 25 29 ‘ 1 1e - - - -
- - - 5385 4830 4360 | 39S5 3605 3300 3030 2790 2580 nes - o~ |
3-p. 1 %
100 | 000 150§ - - - 19 21 24 26 23 11 ] 34 37 40 a3 - -
- - - - - - S095 4645 4250 3900 3595 1325 08 - -
1621 1 4 1
30 300 140 6 _ - - - - - 28 21 e 17 40 43 6 - - {
- - - - - - -~ 5555 5085 | 4670 4305 13980 3690 3430 3200 |
129 ' 1
29160 600 120 2 - - - - - - - 17 aQ 44 a8 82 56 60 64
Manutacturer: Ol WELL ~ Duglen
Modgel Max Max Stoke Rod Liner Size (in)
LMP. SPM. Lengen  Size s 51/2 ¢ | &2 &4 7 1 7e 7-34 g
12° 20 70 12 w8 ‘ 1200 - 820 ' 690 640 600 550 - -
18 - 56 6.6 71 17 83 - -
214p 30 70 4 214 l - 1375 1140 { 960 890 820 765 - -
- 53 64 76 22 X 95 - -
2189 500 &5 18 214 2040 - 1370 [ 1185 1085 98s 915 - -
5.5 ~ 22 9.7 X 13 12.2 - -~ |
mor | so0 x 212 | 250 - 1785 { 1488 1370 1270 1175 1020 s |
’ © 89 - 89 | 108 1 125 124 154 168 |
1er 00 &5 6 2we | - s 238 | 187s 1725 1598 1478 1780 1s7 |
' - 58 70 | 84 91 9.8 10.6 122 131
sisr } 925 65 8 3us . - - 2990 | 2480 2718 oo | 1940 1675 1550 |
|- - rs | g0 39 197+ 1ns 124 44
14007 i 1400 6% . 32 [ - - 2310 356G - 000 - - ~ l
- - 73 a8 - a8 - - -~
1700.P | 1700 &% " 32 1 - - S000 4320 - 3840 - - -
i - - 13 88 - 0% - - -
7000.# , - 65 18 J1/a I - 660 2990 2480 2% 2100 1940 187% - .
! i - 8.1 TS 90 29 w07 ne 134 ~
A.700.P 00 68 s 2ua - b2rs) s . 1878 1775 1593 1478 1280 -
} oo 58 0 ' aa 21 98 106 122 -
AgS0F 830 8% 6 3ua | - 3500 78%0 7370 2178 2008 1870 1600 -
] o
: | - 4 &7 0 as 9 102 19 -
A-1000-7 | 1000 65 T e | - 60 2990 2480 bodi] 2100 1940 1679 -
; ! - 8 s 30 99 Mnr 116 1la -
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Pump Discharge Pressure (psi)
Pump Discharge Volume (gal./ stroke)

Security
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Marwtacturer: OIL WELL -~ Triplex
Model Max Max Swoke Liner Size ()
1P SPM Longth 4 4-1/2 5 1 8172 5-3/4 6 &1/2 &3/4 7 7-1/4 742 7-3/4
3507 aso 178 3 2400 1900 1500 ‘ 1250 1144 1050 900 770 I - - -
13 16 20 25 27 29 34 40 - - -
8507 850 160 9 5000 4400 3560 | 2940 - 2470 2110 - ’ - - -
15 19 23 | 28 - 33 39 - - - -
11007 1100 150 10 - 5000 4500 | 3700 - 3o 2650 - - - -
- 21 26 31 - 37 a3 - - - -
AS60-PT 60 17§ 8 3780 2990 2320 | 2000 1830 1680 1430 1240 - - -
1.3 16 20 | 25 27 29 34 a0 - - -
A1400PT | 1400 150 10 - - 5000 | 4723 4321 3968 3381 3138 215 ’ 2718 2540 2378
- - 28 | 21 24 37 a3 46 50 54 57 6.1
A1700PT | 17200 150 12 - - S000 | 4773 4321 3968 3381 N3s 2915 ns 2540 2378
J - - 31 37 40 ‘8 52 56 6.0 6.4 6.9 73
" manutacturer OMEGA GEOSOURCE — Tnpies )
: Model Max. Max. Stroke Uner Size (In) J
P LMP.  SPM. Length ~ & 5 S% 3 [3 T
' 3000 3000 3000 = 3000 2562 2209
. DB7s0 750 120 16 2.0 25 | 29 34 40
Marastecturer: OPY INC. (GIST) — Trgiex
Rewd Rewd Soeks Liner Size {in)
Modet LMP. SPM. Laongh ™ Ty e | aw s s% | & e 7 %
OP1 1600 10 20 6 - - - 0 8ss - - - - - -
- - - 1.0 1.2 - - - - - -
5650 3153 201 1415 1039 796 - - - - - - -
et 200 200 <00 & o 0.4 0s 07 1.0 - - ~ - - - -
- - - - 2810 2114 147 1469 - - -
Om3s0 | 350 10 8 - - - - 16 20 28 30 - - -
o1 7000 1
- - - - 4 737 2300 1960 1690 ~
OP1 700MOL| 700 150 s - B - ?’: '?: 2135 30 14 40 -
OP1 7000L - )
- - - - - 4585 1790 3184 2713 2340 2038
OP110000L| 1000 132 10 - - - i - 26 30 37 43 50 87
i
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Pump Discharge Pressure (psi)
Pump Discharge Volume (gal./stroke)

Manutacturer: SKYTOP.-BREWSTER — Dupiex

Mod Rated Rated Stroks Liner Size {in)
LHP. SPM. Length a% L] 5% 5% 5% [ ] % [ (23 7
BSSOF ssa 70 14 2997 2878 2404 2171 1963 1796 1648 1515 1393 1293
38 43 47 53 5.8 6.4 6.9 78 8.2 38
8750F 7% s 16 - 3642 2285 2920 2645 2400 2185 2010 1850 1710
- Iy 5.2 58 6.4 7.00 77 84 9.1 99
81000F 1000 80 18 - - - J88s 3510 3167 7884 2648 2428 2241
- - - 6.2 6.9 7.7 84 92 10.0 108
Manutacturer: SKYTOP-BREWSTER - Tripiex
R ' Rated Rated Stroke Liner Size (in)
ILHP. SPM  Length 4 % 5 S% [ 6% 7
5000 5000 4560 3846 3233 2754 bty
810007 1000 130 10 1.6 21 26 3 37 %3 50
5000 5000 5000 4558 3790 3234 2788
813007 1300 1 12
0 20 25 3 3.7 44 5.2 6.0
5000 S000 5000 3000 4664 31980 3427
816007 1600 1 1
° 2 20 25 11 3?2 44 52 6.0
Manutacturer: WHELAND ~ Duglex
Model Max Maa Stroke Rag Liner Sure (v
LH.P. SPM. Length Sue 5 512 Sye | 6 &1/4 &2 . eN4 7 Ve | 7142 7.3/4
HP 8000 I’ 343 70 12 2 ' 1220 995 ~ ! 826 - 698 | 44 597 555 | - -
17 45 - S5 - 65 71 77 8.2 - -
HP.14000 | 574 65 “oo2va |- 1558 - 1 12% - 1035 1000 927 882 | 802 -
! i - 53 ~ . 6a - 6 . 82 88 s | 102 -
WP16000 | 600 65 16 212 i - 2337 ~ o1en 1751 1608 : 1480 1367 1268 178 1088
1 I 59 - l 71 78 8s | 92 100 10.8 e 12.4
HP1B000 | 750 60 8 e | - 2700 ~ 1 a4 m3 1937 | 1182 1648 1526 | 1419 1312
' I— 65 - ! 79 86 34 ' 102 TR ne | 128 13.8
HP B000A | 200 60 122 ;- 995 -~ 826 - 698 Gad 597 s8 | - -
l I - a6 - 1 &5 - 66 7 17 g2 1 - -
HP.14000A | 353 60 -« 214 | - 1627 1476 | 1346 1213 1118 1047 970 900 : s -
| - 53 58 | 64 70 16 a2 88 as | 102 -
ManuiscTurer WIiLSON - Dugten i
Masel I L Mazx Swexe Rod { Liner Ssre ()
I IMP SPM Length Sue ! 4 12 [} Ik SE] ) 12 ? T2 ]
600 1 800 9% 14 2va | 3000 300 0% | 10 1400 1200 - - -
600 | I 28 34 a3 ! s1 [X) 18 - - -
900 i 90 m 8 Iva | - - PO | 2730 2300 1980 - - - :
5 | - - .8 ! LY} va a4 | - - - .
1290 ;o100 8 . v - - 4250 1300 2490 2500 2180 - -
i - - 42 45 19 94 [ R - -
P Guane W 9e a4 2va 3000 2500 0% 1700 1400 1200 1080 200 -
L 76 14 43 %3 8a vs (Y] 02 -
I Tuen s . rve - - 4000 1500 2940 500 2180 1880 1680
i - - $2 sy re a4 s 178 e
.
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APPENDIX K
TROUBLESHOOTING WELLS

Loss of mechanical iIntegrity in a well may be evident from changes In the
annulus pressure or injection pressure and flow. Locating the cause may be
more difficult. Diagnostic tests -- static or dynamic -- performed on the
well may point to the general assembly at fault: +the injection tubing, the
casing, or the packer. But Identifying the single pipe, piece of tubing, or
Joint that has the leak requires opening the well and (where possible)
removing the tubing and packer.

Lengths of Injection tubing can be individually inspected and tested at the
surface, as can the packer. If monitoring data Indicate a possible leak in
the casing, there are casing evaluation tools and procedures that plnpoint
probable locations and give an Idea of their seriousness. These tools and
procedures were described in Chapter 4.

Some common problems are described below. Following that, case histories of
some problem wells are presented.

K:1 Types of Problems
K:2 Untreatable Problems

If the well is untreatable, it will eventually be abandoned. Some
examples of untreatable problems are:

o Local formation unsuitable for injection, that is, tfransmissivity
(kh) too low
o] Because of several Injectors In the glven area or other natural

reasons reservolr pressure too high
o "Confining" strata protecting underground water not really confining
o) Well repalrs no longer cost effective

Conslderable time, effort and costs may be required to conclude that the

well probiem Is untreatabie.
K:3 Treatable Problems

If the well problem is treatable, the operator will develop a program to
correct the probiem, submit it to the Director for approval, and then
contract with quallfied service companies to get the work done. The
Inspector may have to be present during the workover -- or durl
critical phases of It -- to verlfy that the work Is performed
speclfled.

=
]
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K:4 Formation and Borehole Problems

Formation and borehole problems develop gradually from a variety of
causes., Among the more common are:

o Plugging of the borehole face, formation and/or filter by suspended
sollds in the Injected fluid

o Plugging of borehole face and/or filter by the growth of organisms

o} Swelling of clays by "imcompatible" Injection fluid

o Plugging from olls, emulsions, etc.
o] Damage from workover and stimulation activities
o Poor filter design or Installation

Common Examples of Troubleshooting

Example 1: Tubing Leak

An operator Injecting wastewater in a Class | well In Deer Park, Texas
reported cammunication between the tubing and annulus. An engineering
company performed a mechanical Integrity test which indicated a leak in
the Injection tubing. The problem was solved as described below:

The tubling leak followed a similar failure of this well two months
before. The previous leak was tracd to the Injectlion tubing at a depth
of 3025 feet, which was subsequently repaired (Workover No. 3) with a
wireline-set tubing patch. The current workover, unlike Workover No. 3,
involved pulling the injection string. A service rig was moved on
locatlon and set up on September 13, 1983. The following day the
Injectlion tubing was removed from the well.

Selected Joints of tubling were placed on the pipe rack and visually
Inspected. The remainder was stood back in the derrick to expedite
reinstal latlon. All of the visually inspected tubing appeared to be in
good condltion,

The two jolInts contalning the Pengo tubing patch from Workover No. 3 were
set aside. A small 1/8" hole was noted In the body of one of the joints.
This hole was not detected In the calliper log conducted during Workover
No. 3 on July 12, 1983 (the hole was thought to be at a threaded

connection),

The presence of a hole In the body of a jolnt Indicated that a downhole
corroslon probiem existed., An Otls Callper survey was run to a depth of
3600 feet, In-line corroslon coupon testing had previously indicated a

"moderate" corrosion rate of 10 mils per year (mpy).



K:5

After pulling all of the tubing out of the well and redressing the seal
assembly, the tubing was run back into the well while hydrotesting each
60 foot stand Internally to 4000 psi.

A total of six jolnts were replaced with new 3 1/2", 9.3#, J-55 tubing.
Counting from the top of the well the following joints were replaced:

Joint No, cript alljure ct
95 1/8" hole in body - patched during previous workover
96 patched during previous workover
124 1/8" hole In body
129 corroded threads
130 hydrostatic test fallure at 3000 psi
183 hydrostatic test failure at 2500 psi
Mechanical Integrity was restored to the well after the four-day

workover, The annulus was pressured to 1010 psi on September 16, 1983,
There was no measurable loss In 30 minutes on the 2000 psi field gauge.

The well was then turned over to operations. A recommendation was made
to inject water compatible with carbon steel tubing or replace the
exIsting tubing with corrosion-resistant fiberglass tubing.

mple ¢£: a

This example describes the detection and repair of a casing leak of a
Class | Injection well in South Loulslana. Continuous monitoring of the
annulus and Injection pressures had previously Indicated a leak of the
packer, tublng or casing.

A serles of nine pressure tests were run on the 7" protection casing to
determine the location of leaks in the casing. Thls was accomplished by
setting a test packer at different depths and pressuring up on the
casing. The leak was determined to be In the Interval between 4071' and
40811,

The followling day 12 barrels of cement were spotted and squeezed. The
cement was allowed to set, under pressure, overnight, and was then
driiled out and the hole was circulated clean. After pressure testing
the casling, another 4 1/2 barre!ls of cement were spotted and squeezed,
and allowed to set up.
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Four days later the cement was drilled out and the hole was circulated
clean; however, subsequent pressure tests still indicated a small leak in
the casing. It was decided that the best approach to that problem would
be to set the packer about 20 feet above the leak. Verbal concurrence
was received from the Louisiana UIC office, with the understanding that a
letter confirming the conversation would be sent to the UIC office as
soon as practicable.

Thereafter, the cast iron bridge plug at 4196 feet was fished out and the
well was washed and circulated clean.

The Otis RB-1 packer was then redressed, run back In the hole on 100
Joints of 4 1/2" tubing, set at 4035 feet (bottom of packer) and pressure
tested satisfactorily at 515 psi for 4 1/2 hours.

The 4 1/2" x 7" annulus was filled with brine contalning Tretollte
corrosion inhlbitor and sodium sulfite (oxygen scavenger).

After pressure testing the tubing, the test plug and collar stop were
retrieved, the wellhead Installed, the annulus pressurized, and the
workover rlg released.

E@!I!QIQ 3 Packer seal |§§K. agldizg]igu

This workover was performed to repalr an annular leak, restore
injectivity and demonstrate mechanical integrity of a well In South
Texas.

After pulling the 5 1/2" injection tubing It appeared that the Otis Seal
Assembly (whlich was inserted into the packer) had been leaking. Bad
threads were also found on 6 joints of the tubing by surface visual
Inspection.

The Injectlion packer was subsequently retrieved and an open-ended muie
shoe was run to reverse circulate shale and sand from 4347' +to 4540',
After cleaning the wellbore, previous difficulty in seating a test packer
was corrected by scraping the 7" protectlon casing.

A radloactive tracer survey establlshed the point of exit from the casing
to be 4460' - 4464'. This survey was conducted to fuifil! part of the
mechanical integrity test requirements set forth by the Texas Department
of Water Resources. The log showed all of the fluid was moving Into the
disposal Interval and there were no Indications of verticai migration,

s acldlzed next by washing the perforations with 1260 galions
of 28% HCI and 840 gallons of 15% HCi. This was followed by 1000 gallons
of 15% HCI, 7500 qgallons of 22% HCI plus 6% HF aclid, and 1000 gallons of
156 HCl. The acld was dlsplaced with 32,000 gallons of 9 ppg low-calcium
brine. The Inftlal flush rate of 840 gpm € 1200 ps! was reduced to 420

gpm @ 690 psi after 10,000 gallcns had been pumped.

The wal!l wa
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The well was reassembled using a new Brown Oil Tool Type "D" Liner Hanger
Packer. External hydrostatic testing of the tubing connections was
performed while running It Into the well. Prior to setting the new
packer, the annulus was filled with 9 ppg brine Inhibited with NL Baroid
Coat B-1400. Wellhead modifications were required to achieve annular
pressure integrity.

mpie 43 eanouT an Cror

This example describes the methods used to restore injectivity to a Class
| disposal well in Louisiana.

After rigging up the service rig, the well was killed with 100 BBL of
brine water. The tree was removed, followed by Iinstallation of the
blowout preventer.

The 4 1/2" injection tubing was cleaned and washed from 2375' to the
surface with a 3 7/8" bit, scraper, and hydrojet. The Injection tubing
and 4 1/2" x 7" Texas lron Works (TIW) "LH" packer were pul led out of the
well. The 7" protection casing was cleaned down to 3525' (PBTD) using a
stripper and power swivel. The perforations at 2760'-2766' were
selectively washed, and surged to recover solids fram the formation.
This was repeated until the formation appeared to be clean.

To restore the Injectivity of the receiving zone, the well was acidized
with a mixture of 15§ HC!, and 12% HCI/3% HF, foliowed by an injection
test. When the Injection test proved unsatisfactory, the well was surged
and washed again. This sequence of surging, washing, acldizing and
Injection testing was repeated several times without success. Therefore,
it was recommended the well be perforated at the 2400-foot sand above the
existing Injectlon Intervai. This procedure was approved by the
Louisiana Department of Natural Resources.

A block squeeze was made between 2469'-2470' with 100 sacks of Class "H"
cement to prevent upward migration of fluld. The squeeze was tested to
1800 psi. A cement bond log was run from 2620' to the bottam of the
surface casling. A casing caliper log was also run from 2620' fto the
surface. The casing was perforated between 2605' and 2635' with four (4)
shots per foot. The well was washed and cleaned and an injection test
was conducted satlsfactorily

RTOS Wi u e O [ =R Ry | lly.

The 7" x 4 1/2"™ TIW "LH" packer was set at 2664' after 4 1/2" injection

tublng was run In the hcle while hydrostatically testing each joint to
3000 ps! for three (3) minutes. The annulus was fllled with brine and
tested for +wo (2) hours at 1010 psi. A Radioactive Tracer Log was run

to determine the direction of fiow. The bottam hole pressure was also
determined. The equipment was rlgged down,

The wel |l was returned to service,
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APPENDIX L
BLOWOUT PREVENTION AND CONTROL

A blowout is by definition the uncontrolled flow of formation fluids fto the
surface or another underground zone, They can occur during drilling or
workover if excessive formation pressures are encountered.

The UIC inspector may never see a blowout., However, since a single blowout or
spill, depending on its magnitude, time or place, can do Irreparable
environmental harm, a basic discussion on blowout prevention needs to be
addressed. Thls section of the lInspection Guide Is obviously not Intended as
a course to train the inspector in how to prevent or control a blowout.
Blowout control can be quite complex, requires detailed planning, practice and
precise execution. [t Is a primary responsibillty of the drilling or workover
crew working under potentially high pressure conditions.

Every phase of well control follows logical concepts. These concepts can be
placed into one of three levels of well-control:

o] Primary Control
o} Secondary Control
o] Tertlary Control

L:1 Primary Control

Primary Control is the prevention of Kicks. A kick Is the entry of
formation flulds Into the wellbore in large enough quantlity to require
shutting In the well under pressure. This level of control Is the most
critical - If klcks are prevented, blowouts cannot occur.

Formation fluids cannot enter the hole at a given point as long as the
hydrostatic pressure of the mud In the annulus Is greater than the
formation pressure. Hydrostat!ic pressure depends on oniy two variabies -
density and helght of the fluld column. The density Is expressed in Ibs
per gal or psl/ft. The height Is simply the depth to the pressure zone.
In directional wells, the fluld column height Is the true vertical depth.

L:2 Causes of Kicks

Any event or chaln of events that results in insufficient hydrostatic
pressure can cause a klck. The most common causes are:

0 Fallure to keep the hole full on trips

o Excessive swab pressures

o insufflicient mud denslty
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o} Loss of circulation
o} Abnormal | y=pressured formations

Several drilling studies have shown that the most frequent cause of kicks
Is Insufficient mud welght.

Another frequent cause of blowouts is kicks encountered while drilling
shallow gas accumulations. Reaction time Is short; minimum blowout
prevention equipment is present; total contalnment of formation pressure
Is difficult, if not Impossible; and the hole unloads in a very short
rime.

fn some Class | disposal wells kicks and even blowouts have occurred
during workovers. This has been due fo gas accumulations resulting from
interactions between the wastewater and formation, for example, acidic
wastewater reacting with carbonate rocks to form carbon dioxide.

Kicks can be minimized If the rig crews:
o] Understand the causes of kicks

0 Use proper equipment and techniques to detect an unexpected
reduction In hydrostatic pressure

Secondary Control

Loss of Primary Contro!l does not mean that the well Is "out of control™,
As long as the kick Is properly handled, control can be maintalned until
the Invading fluids are clrculated out and Primary Control restored.

This Is called Secondary Controi. A kick that Is not contained can

rapidly deterlorate into a blowout.

Closing-in the well - that Is, shutting in the well quickly Is the first
and most Important step In Secondary Control. This requires continual
practice by drilling and workover crews. Blowout preventer (BOP) drliis

should be conducted routinely for crews working In high pressure areas.

Not all wells should be shut-In. |f casing is set shallow or fracture
gradlents are especially low, shutting-in the well may cause Immediate
blowing ("broaching") to the surface or to an underground formation.
Dlverting flow away from the rig may be the best alternative. The well
eventually may be killed by pumping heavy mud at a fast rate, setting a
cement or barite plug, or natural bridging of the formation.

BOP Equlpment

Control cannot be maintalined without equipment. The blowout preventers,
closing unlt, manlfolding, choke and auxiliary equlpment are alli
Important, To Insure that each segment wil!l operate in an emergency, the
equipment must perliodically be maintained and tested. Al! preventers and

retated equlpment should be tested with water to full rated pressure,

L -2
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with the exception of the annular preventer. Testing of the annular
preventer to more than 70% of the working pressure could damage the
seal Ing element.

In addition to pressure testing, ram-type preventers should be actuated

on the drill plpe once each trip, but not less than once each day. The
annular preventer should be actuated on the drill pipe once each week.
An Inside BOP and work/dril! string safety valves should be kept in an

accessible location on the rig floor at all times.
Stripping or Snubbing

It Is difficult to kill a well if the drill string Is not on bottom. If
the kick was detected while tripping, the drill string may have to be
stripped or snubbed Into the hole. Excessive pressures should be bled
off to prevent breaking down the formation or exceeding surface equipment
pressure ratings.

Circulating Out the Kick

Full Primary Control Is not restored until the kick is clrculated out and
mud balances the pressure In the kicking formation. The two Important
concerns while accompl Ishing these two tasks are:

o] Keep the bottomhole pressure Imposed on the formation higher than
the formation pressure. If it Is not, more formation fluids can
enter the hoje.

o} Do not let surface pressures get too high while trying to
overbalance the formation pressure. Excessive surface pressure can
fracture the formation, or rupture casing and blowout prevention
equlpment.

Wel |~Control Methods

The only proper way to clrculate out a kick is to maintain a constant
bottamhole pressure. Conventional Industry methods are special cases of
a more general Constant Rottomhole Pressure Method. They differ, In a
practical sense, by the mud weight selected for the first circulation:

o DRILLER's METHOD
New Mud Weight = Origlinal Mud Weight

o WAIT AND WEIGHT (ENGINEER'S) METHOD
New Mud Welght = Kil! Mud Welght

o] CONCURRENT (COMPOSITE) METHOD

New Mud Weighf Increasing from Origlinal Mud Welght to
K1l Mud Wnlg
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Each version has advantages and disadvantages. The proper value to use
for the new mud weight depends on well conditions, crew capability,
barite supplies, mixIng facilities and company poiicy.

Standpipe Pressure Conirol

Changes In the bottomhole pressure Imposed on the formation are monitored
by the standpipe or drill pipe pressure gauge. In order to maintain the
proper bottomhole pressure, the required standpipe pressure must be
determined at the beginning of circulation. The final standpipe pressure
should be maintained from the time the new mud reaches the bit until It
Is detected at the surface.

The Initlal standpipe pressure is the reduced pump pressure plus the
shut-in drill pipe pressure. This Is valid regardless of the "method"
chosen. The final standpipe pressure depends on the new mud weight. If
the mud Is not weighted up (Driller's Method), the Initial and final

pressures are the same. If the mud Is weighted to kill mud welght (Wait
and Welght Method), the final standpipe pressure Is equal to the new
reduced pump pressure (old value modifled by a mud welght ratio).

The reduced pump pressure values should be taken and recorded hourly fo
insure they are avallable In an emergency. For wells using subsea
stacks, It is also Important to measure the choke-line pressure |osses at
the kill pump rate. The kill pump rate is reduced from the normal rate,
usually to about a half or a third., The selected kill pump rate should
be maintained constant throughout the kick-circulation process.

A schedule can be prepared to show the required standpipe pressures as
new mud Is circulated. (The Drilier's Method does not require a
schedule.) Essentlially, we need to know how much new mud Is In the drill
string, when the new mud reaches the bit, and the associated standpipe

pressures. One method of developing the standplpe pressure schedule Is
to use graph paper. Another way Is to calculate a pressure redyction per
100 strokes.

Potentlal Difficulties

Even with the best planning and training, difficulties can be encountered
kil the well. The crew shouid look for problem signs and take
Among these difficulties are:

P
whille KillIfig

appropriate action,

o) Starting up the pump

o Barlte contamination

o Loss of clrculatlion

0 Hele in the plipe

o Plugged plpe or bit nozzle
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o Pump failure

o} Choke plug or washout
o] Stuck pipe

o Sour gas (H,S), and

o Drill string off bottom
Effect of Influx

Formation fluids entering the wellbore can be gas, oll, saltwater, or a
combination of all three. The type of Influx can affect the well
behav ior.

The constant bottamhole pressure method is not affected by the type of
influx., Essentially each kick Is treated as gas, the worst case. The
differences that do exist include pit volume changes, required casing
pressures and disposal at the surface.

Gas Is compresslble; oil and saltwater are not. Gas must be allowed to
expand as it Is circulated out of the hole. Otherwise, pressures In the
hole Increase and endanger fracturing the formation. Most of the gas
expanslion occurs in the top 1000-2000 ft. The gas expansion reduces the
hydrostatic pressure in the annulus. Thus, casing pressures on a gas
kick will be higher throughout the kill operation.

If the Invading fluld cannot be incorporated Into the mud easily (such as
smal | amounts of saltwater or oil), the kick fluld physically must be
removed from the mud system. Gas Is processed through a mud-gas
separator and degasser, and flared. Large volumes of oil and water can
be routed away from the active clrculating system and disposed of
careful ly.

Tertiary Control
Tertlary Control is the proper use of equipment and technliques to regain
control after a blowout has occurred. The biowout can be a surface or

underground biowout. In either case, confroi of the well has been lost.

'f the casing and at least part of the wellhead equipment are still

Intact, a blowout at the surface is generaiiy capped. Otherwise, a
rellef well must be drilled. A rellef well Is directionally drilled In
an attempt to establish communications with the biowout. This can be
quite difficult If multishot surveys are not avalilable. Once the relief
well Is close to the flowlng wellbore, thousands cf barrels of water
usually are pumped to establlish communications and "load" the hotle. The
water Is followed by heavy mud and later by cement, If necessary.
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Underground blowouts are also usually controlled by relief wells.

In

some situations, however, the well can be killed by pumping heavy mud

down the drill pipe at a relativeiy high rate. Once well control
been attained, a liner can be set and cemented across the loss zone.

has
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INSPECTIONS CHECK LIST

/ / Date of inspection

/ / Date of last inspection

DESCRIPTION OF CORROSION PREVENTION/MONITORING SYSTEM:

Corrosion loop

Weight Loss Coupons

Electrical Resistance Probes

Polarization Resistance Probes

Logs-Type

Cathodic Protection

Soll Potential Survey

Other (please descaribe)

DATE OF LAST CORROSION EVALUATION BY OPERATOR:

Type

Visual

Other
(describe briefly)

RESULTS

OK

Corrosion of:

Casing; depth _____

0L

t_J Tubing; depth
—

L”w Packer




INSPECT IONS CHECK L IST (continued)

Other (indicate component)

Injection fluld released YES

Contaminated USDW YES

CASING MATERIAL

Steel

Stainiess Steel

Monel

Titanium

NO

NO

Other; specify

TUBING MATERIAL

Steel

Stainless Steel

Fibercast

Fiberglass

Other

PACKER TYPE AND MATERIAL

Tension

Compression

Material: Steel ; Other

Speclal protection (please indicate).

, speclfy

Note that some packers, especially

tension packers, have rubber pads or speclal coatings to prevent contact

with injection flulds .



WASTE CHARACTERISTICS

pH =

Dissol ved oxygen (concentration) mg/ |
Hydrogen Sulfide, H,S (concentration) mg/ |
Carbon Dioxide, CO, (concentration) mg/ i

Amenable to biological degradation

Acidic

Basic

Most recent sample analysis (attached) indicates no significant changes

EVALUATION OF THE CASING/TUBING/PACKER MATERIALS TO RESIST CORROSION

(By consulting the tables In page of the manual a preliminary
evaluation can be made. The inspector may also use different criteria for
evaluation; however, he/she should Indicate the reason for the decision.)

Adequate

Inadequate

Criteria used:




PRESSURE GAUGE [INSPECTION CHECKL IST

Pr re

1. I's Bourdon tube gauge protected from corrosion
and freezing?

2. !s pressure reading relatively constant?
(absence of rapid pointer movement due to
pulsating pressure or pipeline vibration)

3. Are gauge materlals suitable for the media
monitored?

4, Is a pressure transducer properly installed?

5. Date gauge last callbrated:

6. Method of callbration:

Pressure Recorders

1. Are pressure recorders properly installed?
(e.g., chart protected from weather, etc.)

2. Are pressure recorders operational?
(e.g., ink, charts moving, etc.)

3. s back-up gauge provided?

4. Do back-up pressure and recorded
pressure agree?



FLOW MEASUREMENT INSPECTION CHECKLIST

A. Elow Measurement |nspection Check|[st - General
Yes No N/A (a) Primary flow measuring device Is properly

instal led and malntained.

Yes No N/A . (b) Is there a straight length of pipe before and
after the flowmeter of at least 5 to 20
diameters? This depends on the type of
flowmeter and the ratio of plipe dlameter to
throat dlameter, Also, the introduction of
straightening vanes may reduce this requirement.

Yes No N/A (c) If a magnetic flowmeter Is used, check for
electric nolse In ifs proximity and that the
unit Is properly grounded.

Yes No N/A (d) Is the full pipe requirement met.

Yes No N/A 2. Flow records are properly kept.

(a) Records of flow measurement are recorded in a
bound numbered log book.

Yes No N/A {b) All charts are maintained In a file.

Yes No N/A (c) All callbration data is entered in the log book.

Yes No N/A 3. Sharp drops or Increases In flow values are accounted
for.

Yes No N/A 4, Actual flow is measured.

Yes No N/A 5. Secondary Instruments (totalizers, records, etc.) are

properly operated and maintained.
Yes No N/A 6. Appropriate spare parts are stocked.
Electrical nolse can sometimes be detected by erratic operation of the
flowmeter's output. Another Indication is the flowmeter location In the
proximity of large motors, power |ines, welding machines, and other high
electrical fleld generating devices.

B. Flow Measurement Inspectlion Checklist.

1. Type of flowmeter uysed: -

2. Note on diagram flowmeter placement Iin the system.
Observe the direction of flow, the verticai helight

reiationshlp of the source, outfall, and measuring
maeter. Give all dimensions in pipe dlameters,



Yes

Yes

No

No

N/A

N/A

Is meter installed correctly?

(a) If magnetic flowmeter, [t should be installed in
an ascending column, to reduce air bubbles and assure
full pipe flow.

(b) If differential pressure meter such as venturi,
it should be installed in a horizontal plane so that
high pressure tap is on the inlet of flow and taps
are horizontal sloping sliightiy downward with
facilities for cleaning taps.

Flow range to be measured:

Flow measurement equipment adequate to handle
expected ranges of flow values.

What are the most common problems that the operator
has had with the flowmeter?

Flowmeter flow rate:
rate: mgd; Error 4

mgd; Totalizer flow

Permit project flow:

Flow total lzer is properiy callibrated.

Frequency of routine inspection by tralned Operator

_— /month,

Frequency of malntenance inspections by facillty
personnel : /year.

Frequency of flowmeter calibration:



13, Indicator of correct operation:
redundant flowmeters auxiliary flowmeters
pressure readings other

power usage of pumps

14, Indicators of proper Qual ity Assurance:
redundant flowmeters
other

frequent calibrations
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APPENDIX N
INSPECTION REPORT FORMS

Engineering Enterprises, Inc. recamerds the form on the following page
for recording mechanical integrity test (MIT) data when running the standard
annulus pressure test. As alternative MIT are approved by the Director of the
Office of Drinking Water, forms will need to be developed to ensure
documentation appropriate for the particular MIT.

Two additional forms follow: & Class I inspection form that has been
well received; ard a form for field verification of well files. EEI does not
recommend conducting file reviews for the UIC Federal Reporting System
camitments in the field; however, field review of files can be a valuable
addition to site inspections by providing confirmation of information contained
in the EPA Regional files.



UIC MECHANICAL INTEGRITY TEST

WELL IDENTIFICATION

Owner/QOperator: Well/Unit: No.

Address: Field:

City: State: Zip: Type: EOR. SWD. Other.
Primary Contact: State Permit No.:

Phone: ( ) Federal Permit No.:

Facility No.: Inspection/Test Date:

WELL LOCATION

State: . T :R ; Sec . "from line.

County: Qtr Sec: . & 'from line.

WELL/TEST DATA

Type of Test: Shut-in. Injected Fluid: SG:
Injecting. Annulus Fluid: SG:
Injection Formations: Injection Rate(BPD):

Injection Pressure(PSI):

Perforated Intervals: Packer Type:
Set at:
Tubing: @ Casing: e
RESULTS:
PRESSURE (PSIG) TEST PRESSURE: PSI
TIME ANNULUS TUBING

Max. Allowable Pressure Change:

Test Pressure x .03 PSI
Half Hour Pressure Change PSI

SIGNATURE OF COMPANY REPRESENTATIVE DATE

SIGNATURE OF EPA REPRESENTATIVE DATEL

1 of 1



4-18-83 Sheet of

UIC FILE REVIEW Raview

Date _ ===
FILE IDENTIFICATION
SDNGLE WELL ARZA REVIEW
OPZRATOR a D ¢ BELOW O LIST ATTACHED j28& ]
ADDRESS FACTLITY NO. KYS
STATE PERMIT NO.
LEASE NAME - _
WELL NUMBER PooL
WELL LOCATION
CARTER COORDINATES STATE Naump/copr K/ TH./47 (circle osa)
[ L g I  county COUNTY
— s ¢ L’ - - NAME coDk
WELL COMPLETION
¥EIL TYPE (code) 2=  TOTAL DEPTH (ft) SURFACZ ELEVATION (rt ws1)
DEPTH CASDNG CEWENT CEMENT
TO TOP CASDNG DLAMETER SHOE VOLUME PERYORATID
OF CEMENT  STRING (1aches) DEPTH (sacioa/type) INTZRVALS
Surface
Intermediate
Production
Tubing
-
PACKER TYPE LowERMGST | FORMATION NAME
PACKZR DEPTH (r) usow BAST ELEVATION (1)
—
NAME pespcTion | FORMATION Naux
TOP ELEZVATION (usgy VORMATION | 1gp strvariON (s
conrmG —
FORMATION THICKNESS () — (peet)
MAX DVECTING PREX ___ (pwi
PERMEABILITY (darcy) QETTATONC
: | EST. FRACTUREZ PRZX (pat)

FILE EVALUATION

] EACH WELL 3 COMPLETED INTO A CONFINER ad ™ WILLS NOT Df COMPLIANCE
NQN—-USDYW FORMATION ? (Uat of weils end explanation altached)

2 [ACH WELL [S DESICNED FOR EXPECTED USEZ 7 (] WELLS NOT IN COMPLIANCE
(Ust of weils and explanation attached)

7 SACH WELL IS CASED AND CZUENTED TO PREVENT B o WELLS NGT Df COMPLIANCT
YOVEMENT OF FLUID INTO OR SETWEZEN USDWs ? (st of wells and erplanation sttached)
EACH JELL (S OPERATED AT AN APPROPRIATE ® o WZLLS NOT OV COMPLUNCE

4 PRENSURE ANT WITH ADEQUATE CONTROLS. (st of wwla and e¢splanatoa attached)
T2 PREVENT FRACTURING OF THE CONFINING ZONZ 7

"—A PLUCCING AND ADANDONMENT PLAN HAS BEEN ® 3] WELLS NOT v COMPLUANCE
5 | SUuMITTYD FOR FACH wOIL ? (st of wwls sad explapaton attached)
~ | OPIRATOR MACITADNS APPROPRILTE FINANCIAL ® WLLLS NOT O COMPLLANCE
(__ASSURANCE ? (Ust of weils and eXpianslion slteched)

:ACH ‘!!'! - s n‘-‘_‘im M i, ry Mof m CD _ . ﬁ
(9] AS ng&f}; 1"“ ke AND R RTED m (Lst of wwils and esrxplanation attached)

&)




4—6—35 Sheet _____ of

UIC — FILE REVIEW/MIT
WELL [DENTIFICATION

——

QPERATOR FACILITY NO.
LPASE NAME-NO. PooL
EXTERNAL MIT — CEMENT CALCULATIONS

[ YOR SURFACE CASDNG ] [ TOR INTZRMEDUTE ANG PRODUCTION CASING ——1
CA3DNG DA (in) HOLE DIA (1a.) CASING DA (in) HOLE DIA _____ (ia)
CALCULATED ANNULAR VOLUME —_ (cuft/ft) CALCULATED ANNULAR VOLUME —__  (cait/r)
COMENT YIOD PYR 3UCK (caft) COMENT YIID PER 3ACK (emrt)
2ACKY UKD CIMINT VOLUME (ewft)  3ACX3 USED COMENT VOLUME ______ (curft)
DIPTS-TOP OF CIMENT(w/20X lows) —__  (ft) DEPTH-TOP OF CIMINT(w/20X loss) — (1)

COMMENTS




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION V
CLASS I INSPECTION REPORT

STREET: STATE PERMIT No:

COUNTY: WELL NAME & No:

CITY/ST/ZIP: TYPE OF WELL: HAZARDOUS / NONHAZARDOUS
INSPECTION DATE: TIME OF INSPECTION:

TYPE OF INSPECTION: ROUTINE / MIT / COMPLAINT / COMPLIANCE / PERMIT

NAME(S) OF PERSON(S) UIC INSPECTOR MET WITH DURING INSPECTION:

NAME TITLE PHONE No.

A. INJECTION WELL INFORMATION

INJECTION PRESSURE: (psig) ANNULUS PRESSURE: (psig) RATE:
AVERAGE DAILY VOLUME: INJECTION FLUID TEMPERATURE: (°F)
1. IS THERE DOCUMENTATION OF GAUGE CALIBRATION: «|7] YES [~ o

*OATE OF CALIBRATION:

-~

NJECTION RATE AND VOLUME:  { MEASURED OR ESTIMATED ) 2

2. 1§

—

3. DOES THE TYPE OF INJECTION FLUID FLUCTUATE: 7] YES |:I N}

4. WHAT TYPE & SPECIFIC GRAVITY FLUID IS IN THE ANNULUS:

5. WHAT IS THE SPECIFIC GRAVITY OF THE INJECTION FLUID:




WELL INFORMATION CONTINUED

6. LOCATION OF PERFORATIONS AND/OR OPEN HOLE:
7. TYPE AND MODEL OF PACKER:(TENSION/COMPRESSION/NEUTRAL/OTHER [PLEASE SPECIFY BELOW]) :

PACKER TYPE: MODEL:
8. WHAT IS THE SETTING DEPTH OF THE PACKER: (ft) , (ft)
9. HOW IS INJECTION PRESSURE RECORDED: MANUAL /  AUTOMATIC /  COMPUTER
10. HOW IS ANNULUS PRESSURE RECORDED: MANUAL / AUTOMATIC /  COMPUTER
11. IS FLUID TEMPERATURE RECORDED: I_] YES ‘|:] NO
12. IS ANNULUS FLUID VOLUME RECORDED: 1”1 YES I”I N

WELL INFORMATION COMMENT SECTION
B. ANNULUS PRESSURE MAINTENANCE SYSTEM

1. IS ANN. PRES. CONTINUOUSLY MAINTAINED IN ACCORDANCE WITH PERMIT: IZ| ves I”1 no
2. 1S ANNULUS PRESSURE REOUIRED TO BE GREATER THAN INJECTION PRESS.: || YES 1”1 o
3. 1S ANNULUS PRESSURE CONTINUOUSLY GREATER THAN INJECTION PRESSURE: | | YES I”] NO
4. HOW IS ANNULUS PRESSURIZED: POSITIVE DISPLACEMENT PUMP / NITROGEN / OTHER
5. IS ANNULUS FLUID VOLUME CONTINUOUSLY MONITORED/RECORDED BY OPERATOR:| | YES I_] o
6. HAS OPERATOR RECEIVED TRAINING ON WELL OPERATION 1”1 YES I~} NO

MAINTENANCE SYSTEM COMMENT SECTICN




C. ALARM SYSTEM

1. IS INJECTION WELL ALARM SYSTEM OPERABLE: I_| YES I_I NO
2. WHAT TYPE OF ALARM SYSTEM IS UTILIZED: MANUAL SYSTEM /  AUTOMATIC SYSTEM
3. HAS ALARM SYSTEM BEEN TESTED BY A UIC INSPECTOR |~ YES {_] no

4. ON WHAT FREQUENCY IS ALARM SYSTEM TESTED:

5. IS ALARM TRIGGERED BY HIGH PRESSURE || YES |T| NO, LOW PRESSURE |_| YES || NO

LOW PRESSURE DIFFERENTIAL || YES |T| NO , OTHER [} YES || NO
6. IS THERE A TIME DELAY BEFORE ALARM SOUNDS TO ACCOUNT FOR START - ups  |~| YES |T| NO
7. IS OPERATOR ON SITE 24 HOURS PER DAY TO RESPOND TO FAILURES: |~} YES |T] NO

ALARM SYSTEM COMMENT SECTION

D. TESTING
1. WAS A MECHANICAL INTEGRITY TEST CONDUCTED AT THIS INSPECTION: || YES || NO
2. WAS A START-UP TEST CONDUCTED AT THIS INSPECTION: |1 YES | 7] MO

TESTING COMMENT SECTION

* IF TESTING IS CONDUCTED AT THIS INSPECTION PLEASE ATTACH A COPY OF THE TEST REPNRT.



E. OVERALL INSPECTION COMMENTS

TNSPECTORS NAME

TRSPECTORS STGNATURE

* INSPECTOR 1IS:

(

CONTRACTOR / EPA EMPLOYEE ).






